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Abstract
Introduction: The laser-induced fluorescence (LIF) method as molecular emission spectroscopy 
is used to diagnose cancerous tissues. According to the previous reports, the red-shift in the 
fluorescence spectrum from Rhodamine 6G (Rd6G)-stained cancerous tissues compared to healthy 
ones impregnated with the same dye provides the feasibility for diagnosis.  In this paper, we have 
employed the LIF emissions as a diagnostic method to distinguish between cancerous and healthy 
tissues infiltrated by a body-compatible fluorophore to avoid the toxicity and hazard of Rd6G dye. 
Methods: Biological tissue specimens are stained with sodium fluorescein (NaFl) dye and then 
irradiated by the blue CW diode laser (405 nm) to examine the spectral properties that are effective 
in detecting cancerous tissues. 
Results: The spectral shift and the intensity difference of fluorescence are keys to diagnosing in vitro 
cancerous breast, colon, and thyroid tissues for clinical applications. The notable tubular densities 
in the breast and colon tissues and the space between the papillae in the thyroid ones cause the 
cancerous tissues to be prominently heterogeneous, providing numerous micro-cavities and thus 
more room for dye molecules. 
Conclusion: Here, we have assessed the spectral shift and intensity difference of fluorescence as a 
diagnostic method to distinguish between cancerous and healthy tissues for clinical applications.
Keywords: Laser-induced fluorescence; Diagnosis; Cancerous tissues; Body-compatible dye; Sodium 
fluorescein.
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Introduction
Cancer means the growth, proliferation, and sometimes 
abnormal release of body cells. All such diseases have an 
unbridled growth pattern and tend to detach from the 
source and metastasis.1 The prevalence of breast cancer 
is about one-third of all cancers in women, and it is the 
most common cause of cancer mortality among women, 
which significant efforts have been done to diagnose 
and treat it in a timely manner. Standard methods for 
diagnosing or preventing breast cancer include x-ray 
mammography, ultrasonography, magnetic resonance 
imaging, and positron emission tomography.2 Biopsies 
are usually performed routinely after diagnosing a 
lesion by various clinical breast examinations. Then 
the biopsied tissue is fixed in the histology laboratory 
and stained with special dyes for pathological studies.3 
Besides, rapid, quantitative, and non-invasive diagnostic 
methods based on fluorescence spectroscopy, as a link 
of morphological and biochemical properties of tissues, 
can be an essential step in the diagnosis and treatment of 
cancer.4 The development of malignancies, in addition to 
metabolic and structural changes in cell and subcellular 
levels, can also affect the optical properties of tissue, such 

as dispersion, absorption, and fluorescence. Therefore, 
optical spectroscopy contains useful information for the 
diagnosis of cancerous tumors and is also a promising 
method for in vitro and in vivo studies of tissues as well as 
blood. The laser is used as non-ionized coherent radiation 
to detect the optical properties of soft tissues.5,6 

In laser-induced fluorescence (LIF) spectroscopy, visible 
or ultraviolet light is used to stimulate the molecules of 
the sample. Photons are absorbed in molecular transitions 
due to Stokes shift (the difference between the maximum 
absorption line  and the fluorescence radiation 
) re-emission at longer wavelengths.5 Palmer et al7 have 
evaluated auto-fluorescence spectra derived from healthy 
and cancerous breast cells and have shown significant 
differences in their fluorescence properties. According to 
this report, the cancerous cells gain several receptors as a 
distinguishable characteristic, unlike healthy cells.  Also, 
and Elshemey8 used a 266 nm diode laser to stimulate 
healthy, benign, and malignant tissues and produce auto-
fluorescence radiation. It presents differences such as 
the parameters of the sub-peak range of the fluorescence 
spectrum and its moderate intensity to distinguish 
between tissues. Ghasemi et al9 used LIF spectroscopy to 
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measure the spectral displacement from stained breast 
tissue with Rhodamine 6G (Rd6G) to distinguish between 
healthy and cancerous tissues. They have shown that the 
fluorescence spectrum derived from cancerous tissues 
compared to healthy ones move to the longer wavelengths.

In previous reports, tissue samples have been examined 
by LIF, either by auto-fluorescence or by chemical and 
toxic Rd6G fluorophores. Braginskaja et al10 have also used 
LIF spectroscopy by injection sodium fluorescein (NaFl) 
dye into rats to diagnose gastric cancer. They showed 
that in all cases, due to penetration and the selective 
accumulation of NaFl in the tumor, the fluorescence 
intensity in the tumor stomach tissues was higher than that 
in the adjacent normal one. In this paper, the spectral shift 
and the intensity difference of fluorescence were assessed 
as a diagnostic criterion to detect in vitro cancerous 
breast, colon, and thyroid tissues for clinical applications. 
In vitro diagnosis of healthy and malignant tissues using 
the body-compatible dye through LIF spectroscopy was 
the purpose of this study.

For the fluorescence diagnosis of human malignancy, 
NaFl is permitted and recommended for its high 
specificity to the tumor.11 

Materials and Methods
Preparation of Samples and Solutions
Healthy and cancerous in vitro formalin breast, colon, and 
thyroid tissue samples were investigated in the laboratory. 
Normal and cancerous tissues were examined from 30 
patients affected by three types of cancer—breast, colon, 
and thyroid. More than 10 healthy and 10 cancerous 
samples of each kind of tissue were fixed after surgery or 
biopsy and then cut into pieces (5 ×3 ×2 mm3). 

Before the LIF spectroscopy examination, the samples 
were immersed in an optimum concentration (1 mM) 
of a NaFl solution in ethanol solvent for 3 hours and 
then exposed to a laser beam. NaFl is a non-toxic and 
body-compatible dye in low doses, with a high quantum 
yield (0.88) and C20H10Na2O5  chemical formula. Unlike 
healthy breast tissue, which has a high percentage of fat 
and a yellow appearance, cancerous tissues are stiff and 
white. The samples are cut into slices with micron size, 
using a microtome, and then placed on a slide. An optical 
microscope is also employed to image the paraffin-
embedded tissues. 

Experimental Array
A blue CW diode laser at a 405 nm wavelength and 
150 mW power (MLPH-Ⅲ  model/Noor Sanate Pars 
company) is utilized as an irradiation source to excite the 
NaFl fluorophores. The LIF emission from the sample 
was collected by a fiber bundle UV 600 (core)/660 
(cladding) type with an SMA-905 fiber connector having 
NA 0.22 and 1 m lengths. The fiber output was coupled 
to the entrance site of a Phystec miniature spectrometer 
(UVS 2500; Pooyesh Tadbir Karaneh company) over the 

wavelength range of 200-800 nm with 0.1 nm resolution. 
Figure 1 illustrates the arrangement for LIF experiments.

Results 
First, NaFl solution was prepared in ethanol solvent at 
various concentrations and exposed to 405 nm diode 
laser radiation to obtain the optimal fluorescence 
conditions. Figure 2 shows the LIF spectrum of NaFl 
solutions at different concentrations of 0.1-10 mM to find 
the optimum conditions.

The fluorescence signal is intensified due to the 
larger population of molecular transitions. In contrast, 
the decrease in amplitude arises from static/dynamic 
quenching, including self-quenching, collisional effects, 
and the aggregation of monomers to dimers.12 So, as 
shown in Figure 2, the signal magnitude lucidly rises 
versus the solution concentration (up to 1 mM), and 
after that, it decreases with increasing the solution 
concentration due to the increasing collision effects 
and Forster resonance energy transfer (Kt) as well as the 
increase of self-quenching.13-15 Therefore, the optimum 
dose of 1 mM of solution concentrations is considered for 
staining biological tissues. 

Moreover, a significant red-shift took place in the 
emission by increasing the NaFl concentration, due to 
the more re-absorption and re-emission of photons in the 

Figure 1. The Schematic of LIF Set-up for the NaFl-Stained Tissues.

Figure 2. The LIF Emission Spectrum of NaFl Dye at Various 
Concentrations of 0.1 up to 10 mM of Solvent.
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specimen. Figure 3 illustrates the variation of intensity 
and the spectral red-shift (∆) of emission relative to the 
absorption versus the NaFl solution concentration. 

According to the results, the cut samples of healthy and 
cancerous breast tissues (Invasive Ductal Carcinoma) 
were placed in a 1mM concentration of dye solution for 
three hours. After that, the NaFl infiltrated tissues were 
irradiated by a laser to record the LIF emission. Figure 4 
represents the typical emission spectra from normal and 
abnormal tissues taken from a patient. It shows that the 
cancerous tissues exhibit the spectral shift of 8.55 nm and 
increased intensity relative to the healthy samples. 

Similar experiments for different breast tissue 
specimens were carried out to examine the repeatability 
of spectral displacement and increasing the fluorescence 
intensity of cancerous tissues relative to the healthy ones. 
Figure 5 illustrates the obtained results to emphasize the 
red-shift as well as the increased intensity of fluorescence 
emission of malignant samples.   

The biological tissues are highly scattering (opaque) 
environments.16 Then, the multiple scattering of emitted 
photons by entering a tissue dispersal environment 
results in the increasing re-absorption and subsequently 
red-shift in the irregular and disturbed tumor tissues. 
Moreover, with abnormal cell proliferation, numerous 
micro-cavities have formed, resulting from structural 
changes in tubular architecture.17 As Figure 6 illustrates, 
tubular structures are present in the breast tissues, which 
increases the density and irregularities of the tubules 
with the increasing tissue malignancy, which means the 
presence of porosity in tissue.9,12

The fluorescence radiation spectrum depends on the 
external factors (such as NaFl) and tissue structure, as 
a scaffold for fluorophores particles as well as the dye 
concentration. Therefore, we have also investigated the 
effect of solution concentration on the spectral red-
shift. The healthy and cancerous breast tissue samples 
were placed in a solution of NaFl in ethanol solvent 
at concentrations of 0.1, 1, 3, and 10 mM for 3 hours 

and then exposed to radiation. The spectral red-shift 
increases with increasing the dye concentration for 
healthy and cancerous tissues, as shown in Figure 7.  
There is a maximum spectral displacement of ~10.6 nm 
in malignant breast tissues compared to healthy ones, at 
ten mM. In general, the spectral red-shift in malignant 
tissues results from a high rate of re-absorption.

As noted, cancerous breast tissues have a higher density 
of tubular structures than healthy tissues, which leads 
to the capture of dye molecules. The tendency of the 
dye molecule accumulation in the cancerous tissues is 
mainly due to the high permeability of the damaged cell 
membranes with respect to the healthy ones.5 Therefore, 
LIF spectra represent a significant red-shift, and the 
relative shift of cancerous tumors with respect to healthy 
ones enhances dye concentration. The spectral shift 
accounts for the high re-absorption rates in a hybrid 
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Figure 6. Histological Images of (a) Dye-Stained Normal  
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medium due to the fact that the higher natural abundance 
of scatterers in the cancerous tissue medium results in 
the long random walk of scattered photons. Moreover, a 
large Forster constant (Kt) and the type of chemical bond 
formed between tissue and the dye molecules, leading to 
high re-absorption and eventually the sensible spectral 
shift.5,12,14  

It is worth noting that by repeating the LIF experiments 
on several samples of colon and thyroid tissues, similar 
results were obtained to emphasize the LIF as a method 
to diagnose cancerous tissues. Figure 8 depicts the 
typical fluorescence emission recorded from normal 
and abnormal colon and thyroid samples at 1mM 
concentration of NaFl solution. The specimens of each 
tissue were taken from one patient. Thus, the pathological 
(type of malignancy) and even the physical (color) features 
of healthy and cancerous specimens for each tissue were 
completely identical. Both LIF signals are more intense 
and move to the longer wavelengths, which is a marker of 
the distinction between normal and abnormal tissues and 
the detection of cancer. 

Therefore, as shown in Figure 8, a notable red-shift of 
9.1 and 10.2 nm took place in the malignant colon and 
thyroid tissues compared to the healthy tissues.

The colon tissues were Adenocarcinoma type with the 
tubular structure.18,19 Therefore, similar to breast tissue 
samples, it can be stated that the density and irregularity 
of tubules have increased in cancerous colon tissues 
compared to healthy specimens (Figure 9).

As shown in Figure 10, this difference in the tubular 
structure of Adenocarcinoma tissues compared to healthy 
ones increased the intensity and red-shift for their spectra.

Also, as the type of thyroid cancer tissues in this paper 
was papillary thyroid carcinoma, therefore, according to 
Figure 11, the space between the papillae in the cancerous 
tissues increased compared to the normal ones. Given that 
the density of the space between the papillae is different 
from that of the cell regions, colloidal matter is located 
in this space, which contains thyroid hormones. Given 

that the space between the papillae is completely different 
from the cellular areas in terms of density and it contains 
the colloidal material, which contains thyroid hormones 
and also lacks cells. 

The space between the papillae in thyroid samples 
plays a similar role in tubular structures in breast and 
colon tissues. Therefore, increasing this space in papillary 
thyroid carcinoma tissues compared to healthy specimens 
can cause the red-shift and increase the intensity of the 
fluorescence spectrum for these cancerous tissues, as 
shown in Figure 12. 

Discussion
The LIF spectrum taken from stained-NaFl tissues 
contains valuable information to distinguish between 
normal and abnormal samples based on the accumulation 
and behavior of a body-compatible non-toxicity 
fluorophore. 

The micro-partitioning structure of the cancerous tissues 
decelerates the rate of aggregation processes such that the 
micro-cavities do trap further fluorophore molecules. 
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Figure 9. Histological Images of (a) Normal Dye-Stained and 

 (b) Malignant Dye-Stained Colon Tissues (Adenocarcinoma).  
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This indicates the notable reduction of the self-quenching 
events. Therefore, by capturing fluorophore molecules, 
they cause increasing the distance between them and 
ultimately reduce aggregation and suppression. It leads to 
an increased fluorescence radiation intensity in cancerous 
tissues compared with the healthy ones.9,12,14 These 
results agree with previous reports5,9 about increasing the 
emission intensity and spectral displacement of stained-
Rd6G cancerous tumor samples relative to healthy tissues.

Also, it is worth mentioning that the used samples 
in this work are epithelial tissues whose basement 
membrane is under the epithelial cells. The fluorophore 
particles penetrate the basal-lateral tissue membrane due 
to the specific types of connections between the epithelial 
cells. Here, the entry and accumulation of dye into space 
between cells, tubules in the colon, and breast tissues, 
as well as the space between the papillae in the thyroid 
tissue, were relevant. 

The velocity of the dye particles and their penetration 
into biological structures are different depending on 
the size and polarity of a permeable fluorophore.21 The 
penetration rate of smaller molecules such as Rhd-
6G is higher for mono-cationic chromophores with 
smaller species sizes, such as Rd6G, and the penetration 
time within the tissue is, on average, 30-45 minutes.9,22 
However, for the larger dicationic compounds, such as 
NaFl, the penetration rate is lower, and consequently, it 
has a longer penetration time (approximately 3 hours). 
This expression reflects the differences between the 
interaction of rhodamine and fluorescein with the cells.

Conclusion
Here, we have assessed the spectral shift and intensity 
difference of fluorescence as a diagnostic method to 
distinguish between cancerous and healthy tissues for 
clinical applications. The least invasive LIF method can be 
developed with the optimal dose of NaFl solution without 
the need for surgery or biopsy for an in-vivo detection of 
tumor samples. What distinguishes this research is the use 
of NaFl as a body-compatible dye at the optimal dosages, 
rather than toxic ones such as Rhd6G.
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