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Abstract

In modern medical diagnostics, optical methods of studying living tissues have become widespread and are
collectively called "optical biopsy”. One such method is autofluorescence microscopy, which provides additional
information about the structural and functional features of the sample. In this paper, an analysis of existing data
was performed on the properties of autofluorescence of cells and tissues to evaluate the available instrumental
systems and methods for monitoring autofluorescence and the potential for its application in the biomedical field.
Over the past few years, advanced optical-electronic methods have become available to detect various pathologi-
cal conditions of tissues and environments of the human body by evaluating signals emitted by endogenous
fluorophores. Because these molecules are often involved in basic biological processes, they are important
parameters for checking the condition of cells and tissues. In our opinion, analytical methods based on autofluo-
rescence monitoring have great potential in both research and diagnosis, and interest in the use of these new
analytical tools is constantly growing. Methods based on autofluorescence can give more information about
the object under study with relatively lower costs and less diagnostic error.
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Background

In modern medical diagnostics, optical methods of tissue ex-
amination, called “optical biopsy”, are widespread. Optical
biopsy uses optical spectroscopy — absorption, fluorescence,
spectroscopy of combinatorial light scattering, and methods
of medical optical imaging — optical coherence tomography,
confocal laser endomicroscopy [1-10]. Since the last century,
technological advances in microscopy and spectrophotometry
have drawn the attention of the scientific community to the flu-
orescence of biological tissues [7, 8, 10]. In our opinion, this
area of research is promising and in the coming years there
will be continuous progress in the development of new devices
for detecting fluorescence and interpretation of the data, as
well as finding endogenous fluorophores for use as internal
biomarkers.

In this article, we want to consider the phenomenon of
fluorescence, which consists in the short-term absorption of
a quantum of light by a fluorophore with the subsequent rapid
emission of another quantum, which has properties different
from the original [4, 11]. This phenomenon has found wide
application and has become a useful tool in a large number
of different biomedical studies. Many areas of biophysics,
molecular and cell biology, and medicine have emerged and
are developing due to the introduction of new methods based
on fluorescence [12]. Fluorescence microscopy in many cases
is an ideal highly sensitive technique for the study of any
biological samples, because it allows you to selectively and
specifically detect molecules in small concentrations [4, 7—
10].

The aim of the work was to analyze the existing data on
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the autofluorescence properties of cells and tissues, to evaluate
the available instrumental systems and methods for monitor-
ing autofluorescence and the potential for its application in
the biomedical field.

Discussion

Fluorescent methods of optical biopsy can be divided into
two classes: those based on the detection of fluorescence of
endogenous fluorophores — autofluorescence (AF); and meth-
ods for the use of various fluorescent compounds — fluores-
cent labels and probes introduced into the tissue to visualize
the studied processes [11].

The term “autofluorescence” is used to distinguish the in-
ternal fluorescence of cells and tissues from the fluorescence
obtained by processing samples with exogenous fluorescent
markers that bind cell and tissue structures [4, 13]. It should
also be noted that the direct study of AF molecules opens
up some new possibilities and benefits. Until recently, in
fluorescence microscopy, background fluorescence of endoge-
nous fluorophores was considered an undesirable property
of the tissue, the manifestation of which had to be avoided
or corrected [11]. However, the release of fluorescence by
endogenous fluorophores allows their direct study through
epifluorescence or confocal microscopy [12]. One of the main
advantages of using AF for research purposes is that it does
not require any pre-staining or sample preparation, and bio-
logical tissues or even whole living organisms can be studied
with less error in the results obtained due to the introduced
chemicals [13].

When excited by radiation of appropriate wavelength,
some cellular and tissue components behave like endoge-
nous fluorophores: they go into an excited state and then
break down into a ground state with a loss of energy, part
of which is the radiation of fluorescence [11]. It is known
that the fluorescence intensity is proportional to the intensity
of the incident light [13]. To separate the fluorescence from
the incident light, optical filters are used, which transmit light
only with a certain wavelength.

Biological tissues of human organs contain a large num-
ber of various natural biochemical fluorophores. The most
common are flavins, proteins, porphyrins [4, 5, 8, 12]. Each
group of fluorophores has individual absorption and radia-
tion spectra according to the distributions of the intensity and
wavelengths [8, 11, 13, 14].

In the ultraviolet part of the spectrum of electromagnetic
radiation fluorescing:

1. extracellular proteins: collagen (structural protein of
connective tissue and the most common protein), elastin;

2. aromatic amino acids of intracellular proteins — trypto-
phan, tyrosine, phenylalanine.

AF of biological tissues in the red zone of the electromag-
netic spectrum is characterized by lower intensity compared
to ultraviolet and shortwave visible zone. It was found that
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this phenomenon is associated mainly with endogenous por-
phyrins [5]. Much more biochemical substances are emitted
(luminescent) in the blue and yellow-green regions of the spec-
trum: reduced pyridine nucleotides (NAD-H, NADF-H), oxi-
dized flavoproteins (FMN, FAD), vitamins, metabolic prod-
ucts, including pyridoxal, folic acid, its derivatives, etc [5, 10].

When pyridine nucleotides are converted to the oxidized
state, and flavoproteins to the reduced state, they lose the ab-
sorption band and the ability of electromagnetic luminescence.
This fact is of diagnostic value, as biological tissue with
necrotic changes is characterized by a lower pH level and
imbalance between the content of oxidized and reduced forms
of NAD, which is manifested by a decrease in the overall
intensity of electromagnetic radiation [8].

The rigid relationship of many endogenous fluorophores
with the morphofunctional properties of living systems, which
affect the characteristics of AF emissions, provides an ex-
tremely powerful resource for direct monitoring of biological
tissues [8].

Many authors, working with different cell populations,
have reported that the AF pattern reflects the organization
of intracellular structures, and have observed a correlation
between AF and cellular energy metabolism [1, 4, 13]. These
data correspond to the presence among the main endogenous
fluorophores of structural proteins and molecules involved in
cellular metabolism, such as pyridine and flavin nucleotides,
which are considered markers of intracellular redox state.
Thus, AF monitoring and analysis provides important infor-
mation about cell morphology and function [8, 11].

Many studies have been conducted on the use of AF-based
methods to distinguish pathological from physiological con-
ditions in cells and tissues. A large number of methods for
studying typical pathological processes based on the obtained
results of AF analysis have been proposed [6—10, 15-26].
However, despite the accumulated extensive experimental
experience, this method has not yet become widespread in
medical diagnostic practice, as it is necessary to address the is-
sue of standardization of research methods.

As mentioned above, in modern medical diagnostics, in
situ optical methods of examination of living tissues, united by
the name “optical biopsy”, have become widespread. The use
of optical biopsy, in contrast to conventional biopsy, involves
the possibility of examining the tissue without the use of any
means of fixation of the sample (for example, in the case
of histological study). For research, one or another form of
optical measurements is used in real time, when performing
minimally invasive procedures to establish a correct diagno-
sis [12, 15, 16, 21, 22].

The main advantage of using optical biopsy, compared to
other methods of in vivo examination of organs and tissues,
is the high speed of analysis. Most often, the result can be
obtained in real time. A unique feature of optical biopsy, in
comparison with other means of medical imaging, is the pos-
sibility of direct study of metabolic transformations in cells
of biological tissues [12].
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Currently, significant experimental material on the use
of laser-induced AF spectroscopy has been accumulated for
diagnostic purposes during surgery, in embryology, gastroen-
terology, oncology, gynecology, ophthalmology, neurology,
cardiac surgery, various prototypes of installations for clinical
use have been developed, a large number of methods of study-
ing typical pathological processes (ischemia, inflammation,
neoplasia, degenerative changes) are offered [6, 8-10, 15-22].

The results of laser-induced fluorescence spectroscopy in
experimental pancreatitis are presented and the possibility
of using fluorescent imaging and spectroscopy of pancreatic
tissue as an intraoperative rapid method in the diagnosis of
pancreatic necrosis has been discussed [22]. The use of such
methods makes it possible in real time to simultaneously char-
acterize the condition of the tissue and make a diagnosis. Such
systems and methods can be used to perform a biopsy during
surgery.

Many scientific studies are devoted to fluorescent surgery
— a field of medicine that has developed rapidly over the past
decade and is widely used in surgical oncology [24]. In-
traoperative imaging technologies provide information that
distinguishes tumor tissues from normal ones in real time dur-
ing surgery. Many of the known fluorescent indicators target
the unique molecular or cellular features of tumors, which
makes it possible to detect pathologically altered areas with
high accuracy to perform the safest resection [24, 25].

Scientists in their research indicate that AF analysis can be
successfully used to distinguish secondary lymphadenopathy
from tumors of the gastrointestinal tract and normal lymph
nodes [8, 15, 16, 18, 23]. AF spectra show that normal and
metastatic areas of lymph nodes are characterized by differ-
ent energy emissions. The main differences in the spectra
of metastatic samples can be explained in terms of changes
in the relative concentration and distribution of endogenous
fluorophores. It is known that the concentration of oxidized
flavins and nicotinamide adenine dinucleotide (phosphate), as
well as the balance between free and bound forms of nicoti-
namide adenine dinucleotide phosphate) change in neoplastic
cells due to changes in cell energy metabolism [23]. In order
to assist in decision-making during surgery, software is cur-
rently being developed that can automatically analyze tissue
by scanning all samples. It should also be noted that AF anal-
ysis is easy to perform directly on the sample in the native
state (no fixation or staining is required).

Also extremely promising is the development of portable
autofluorescent diagnostic methods. The team of scientists
demonstrated the design of a compact and economical mobile
microscope for probing a small number of fluorescent dye
molecules in the visible part of the spectrum using a highly
autofluorescent phantom that mimics human skin [26]. This
approach may be useful for the development of fluorescence
sensors that can be read subcutaneously using wearable micro-
scopes, for continuous monitoring at home or at care points.

We also want to note the publications devoted to the diag-
nosis of pathological changes in the blood by autofluorescent
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methods. It is known that in plasma and blood serum there
are a number of deviations from the norm in such pathologi-
cal conditions as malignant neoplasms, diseases of the liver,
joints, etc [7, 17]. A relationship was found between the mag-
nitude of tryptophan fluorescence intensity in blood serum in
surgical patients with local and generalized purulent infection.
There was a correlation between the increase in tryptophan
fluorescence in the protein-free fraction of homogenates of
a number of organs with the increase in tryptophan fluores-
cence in the protein-free fraction of serum with generalized
purulent infection [7].

The team of authors noted the effectiveness of the method
of laser autofluorescence microscopy of synovial fluid films
for the differentiation of septic and aseptic lesions of the joints
during arthroplasty. The use of this technique can allow intra-
operative resolution of the scope of surgery [21].

A number of works are devoted to the possibilities of
using AF methods for the diagnosis of ischemic lesions of
internal organs, in particular the brain, heart, blood vessels [8—
10, 19]. The method of laser induced fluorescence allows
to set the left shift of NAD+/NADH ratio which is one of
key processes in ischemia. The method of laser induced
fluorescence is sensitive to changes in this ratio. It allows
for real time registration of myocardial viability and can be
promising for the diagnosis of myocardial changes in situ [19].

We’d like to note that AF methods are widely used in
forensic examination [27-31]. The developed optical tech-
nology of multidimensional laser-induced AF polarimetry
of preparations of biological tissues and fluids of human
organs, which is based on experimental vector-parametric
and Mueller-matrix mapping of autofluorescence processes
of molecular biological crystallites, which corresponds to
the world level of biophysical diagnostic technologies. Sci-
entists in the field of forensic medicine searched for and de-
veloped laser polarization criteria for diagnosing lifelong and
postmortem changes in biological tissues and environments
of the human body to establish the time since death in its
different types, time of injuries formation, diagnosis of acute
ischemia and degree of acute blood loss [28-31].

According to the authors, the time range for determining
the time since death is due to the peculiarities of postmortem
changes in laser auto-fluorescent images of biological tissues
in the range from 1-140 hours with an accuracy of 1.5 hours.
However, subsequent studies by the authors provide increased
research accuracy. Thus Garazdyuk M.S. and authors propose
a method of autofluorescence analysis of microscopic images
of cerebrospinal fluid films in the temporal monitoring of
postmortem changes in the optical manifestations of polycrys-
talline networks in order to determine the time since death.
Scientists have established an interval of 24 hours with an ac-
curacy of determining the age of death of 25 minutes [28].
Also promising in this direction is the authors’ study on aut-
ofluorescent assessment of the vitreous body [24]. After con-
ducting spectral-selective laser autofluorescence microscopy
of the amorphous component of the vitreous body layers, sci-
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entists have expanded the range of sensitivity of the method
of determining the time since death to 36 hours and increased
the accuracy of determination to 20 minutes [30].

Vanchulyak O.Y. and co-authors based on a generalized
model of optical anisotropy of myocardial tissue experimen-
tally tested the method of autofluorescence of laser polarime-
try. Within the framework of the applied approach the interre-
lations between the statistical moments characterizing maps
of polarizations of laser autofluorescent images of histologi-
cal sections of a myocardium, and features of its pathological
states are revealed. This technique allows not only to diagnose
acute coronary insufficiency but also to differentiate it from
other pathological conditions [29].

Also interesting is the work of a team of scientists devoted
to the study of the possibility of using the method of spectral-
selective fluorescence microscopy of histological sections
of human internal organs to determine the degree of blood
loss [31]. The most accurate results of establishing the degree
of blood loss up to 2500 ml provides a study of this method
of biological preparations of the spleen.

In our opinion, the results of the application of AF tech-
niques significantly expand the existing ideas about the struc-
ture and dynamics of pathological conditions of human bio-
logical tissues and indicate the prospects for further research
in this area.

Conclusions

Thus, from the point of view of theory, methods based on
autofluorescence can give more information about the object
under study with relatively lower costs and less diagnostic er-
ror. In our opinion, it is promising to conduct further research
in this area to address the following issues:

e detection of the relationship between the emission prop-
erties and the microstructure of cells/tissues, both nor-
mal and pathologically altered;

* optimization of diagnostic sensitivity and/or specificity
by using specific wavelengths of excitation/radiation for
different types of biological tissues or different genesis
of diseases and testing the effectiveness of new methods
in comparison with standard methods, which requires
large-scale clinical trials.
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