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Principles of a fluorescence phenomenon and its application

in medicine
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Summary

Histopathological examination is one of the most important meth-
ods in diagnostics of connective tissue diseases. We encounter
serious difficulties in its interpretation, especially in the early stage
of changes. In this group of diseases, early and correct diagnosis is
essential. Unfortunately, only with the progression of the disease
new symptoms appear which enable definitive diagnosis. In con-
sequence of diagnostic difficulties proper treatment is often imple-
mented too late. Therefore, there is a need for other diagnostics
methods. One of them may be a study of fluorescence spectra col-
lected from tissue fragments which are used for histopathological
examination. The phenomenon of fluorescence has been
described accurately by physicists in the first half of the twentieth
century. In recent years, you can see a number of applications of
fluorescence spectroscopy in medicine, such as the DNA sequenc-
ing, the study of Alzheimer’s disease or intra-cellular processes. In
rheumatology, with exception of immunofluorescence, tests using
this method are rarely carried out. For this reason we decided to
present an outline of the basics of fluorescence and its application
in medicine, with particular emphasis on the applicability in the
diagnostics of systemic connective tissue diseases. It turns out
that the differences can be observed in the spectra of fluorescence,
as is the case of cancer can be used to facilitate diagnosis of rheu-
matic diseases. Perhaps it will be another diagnostic method,
which will allow faster diagnosis of the diseases and the introduc-
tion of proper treatment in their early stages.

Streszczenie

Badanie histopatologiczne jest jedng z wazniejszych metod dia-
gnostycznych w rozpoznawaniu uktadowych choréb tkanki tacznej.
W jej interpretacji napotykamy duze trudnosci, zwtaszcza we
wczesnym okresie zmian. W tej grupie choréb niezwykle istotna
jest wczesna i wtasciwa diagnoza. Niestety, dopiero wraz z poste-
pem choroby pojawiaja sie objawy, ktére pozwalaja na ustalenie
ostatecznego rozpoznania. W konsekwencji trudnosci diagnostycz-
nych wtasciwe leczenie czesto zostaje zbyt pdzno wdrozone, dla-
tego poszukuje sie innych, nowych metod diagnostycznych. Jedna
z nich moze by¢ badanie widm fluorescencji z pobranych wycin-
kow tkanek, ktére sa uzywane do badania histopatologicznego.
Zjawisko fluorescencji zostato opisane doktadnie przez fizykow
w pierwszej potowie XX w. W ostatnich latach spektroskopia flu-
orescencyjna znalazta liczne zastosowania w medycynie, np. przy
sekwencjonowaniu DNA, badaniu choroby Alzheimera czy proce-
sow wewngatrzkomérkowych. W reumatologii, poza immunofluore-
scencja, rzadko sg wykonywane badania z wykorzystaniem tej wtas-
nie metody. Z tego wzgledu autorzy niniejszej pracy postanowili
przedstawi¢ zarys podstaw fluorescencji, jej zastosowanie
w medycynie, ze szczegblnym uwzglednieniem mozliwosci zasto-
sowania w diagnostyce uktadowych choréb tkanki tacznej. Okazu-
je sie, ze réznice, jakie mozna zaobserwowac¢ w widmach fluore-
scencji, podobnie jak w przypadku choréb nowotworowych, moga
utatwi¢ rozpoznanie choréb reumatycznych. W przysztosci byc
moze stanie sie ono kolejng metoda diagnostyczna, ktéra umozli-
wi szybsze rozpoznawanie choréb i wprowadzenie wtasciwego
leczenia we wczesnej ich fazie.
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Introduction

In medicine, enormous progress has been made
recently in the field of diagnostics in rheumatic diseases.
This progress is strongly connected with development of
physics and biology. It is clearly visible in the case of lab-
oratory tests, including immunological and visual tests
such as ultrasonography [1, 2], magnetic resonance or
computer tomography [3]. The visual tests have the
inconvenience that they allow to find changes which are
so developed to be seen with the naked eye. It is a big
limitation especially in the case of diagnostics of early
stages of rheumatologic diseases such as psoriatic
arthritis, ankylosing spondylitis and rheumatoid arthritis
and other systemic diseases of connective tissue.
Besides, tests of that kind not only do not allow obser-
vation of certain changes but also prevent observation
of processes that are present in single cells. That is why
to have many diseases properly diagnosed biopsy is
needed. And then a histopathologic test of taken biopsy
specimens is needed. That method has also its disad-
vantages and limitations — in some cases it can lead to
internal bleeding or organ damage or other complica-
tions. The histopathologic test itself is also very time-
consuming and ambiguous in the case of rheumatolog-
ic diseases unlike cytology and histopathology in
oncology treated as a golden diagnostic standard.
Besides, the method requires skills from the investigator
and finally it can turn out as subjective evaluation. And,
what is more important, histopathologic view can be dif-
ferent from the clinical picture, especially in early stages
in many systemic diseases of connective tissue. Addi-
tionally, cytologic or histopathologic tests can be per-
formed on wrongly collected material from biopsy or on
a healthy part of examined tissue from wrongly taken
muscle-cutaneous segment. Diagnostic difficulties on
the basis on estimation of cytologic results from biopsy
and histopathologic examination of tissue fragments
and lack of possibility to detect early changes in visual
examinations such as X-Ray, CT or even MRI forces us to
look for new diagnostic methods.

One of possibilities of that alternative diagnostics has
been known for many years in physics, namely fluores-
cent spectroscopy. One of the first descriptions of that
phenomenon was given by J. Herschel who observed flu-
orescence of quinine [4]. Precise description of fluores-
cence was obtained almost 100 years later, in the first half
of the 20th century when fluorescence was described by
a Polish scientist, A. Jabtonski [4]. The increase in the num-
ber of applications of fluorescence in sciences that can be
observed during last years is connected with develop-
ment of the apparatus for measurement of fluorescence
spectrum and development of lasers.
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The application of fluorescence
spectroscopy in medicine

The fluorescence spectroscopy is one of the most
sensitive diagnostic methods that are currently avail-
able. In many cases it can allow to avoid sample preser-
vation and its coloration as it takes place in a regular
histopathologic examination. In practice, if you use phe-
nomenon of autofluorescence during the examination
you can use the sample for histopathology without its
destruction [5]. One of the most spectacular examples of
application of fluorescence in medicine is its use in
tumour recognition [6, 7].

The unquestionable advantage of the test is its
objectiveness and speed of performing the test as that
examination in extreme cases takes a few minutes. That
makes it possible to omit a long-lasting procedure of
preserving biological material before the examination
itself. Besides, fluorescence spectroscopy can detect
extremely subtle changes in examined samples whose
size is too small to be detected by any other available
visual diagnostic method [8]. Thanks to that, proper
treatment can be introduced much quicker what, in
some cases, can be of a fundamental importance for the
patient’s health. Of course, to use fully the possibilities
of the fluorescence phenomenon in diagnostics, basic
knowledge of physics is required. Thanks to knowledge
of basics of fluorescence, investigators can acquire
a strong diagnostic tool and also avoid simple mistakes
when performing the test.

Principles of fluorescence spectroscopy

Basics of the phenomenon of fluoroscopy: lumines-
cence is the occurrence of light emission that can occur
from electronically excited states. Basically we can dis-
tinguish two main types of luminescence:

« fluorescence;
* phosphorescence.

This division is connected with the time that is need-
ed for a molecule to emit light after induction. When the
emission is on the level of a few nanoseconds (nano —
1079) or even shorter then we talk about fluorescence. If
light emission takes place after a few microseconds or
later from the moment of induction then that process is
called phosphorescence. This process has emission
band moved in the direction of longer waves.

As mentioned, the first person who observed fluo-
rescence was J. Hershel. He observed fluorescence of
quinine dissolved in water [4].

For presenting the process of fluorescence we can
use a diagram of Jabtonski. Every molecule has its char-
acteristic configuration of energetic levels — rotational,
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oscillatory and electron. In the case of light emission
from molecules, passages between different electron
states are observed.

In the case of absorption of visible radiation or ultra-
violet the molecule passes into high-energy excited
state. The molecule in that state will be aiming at
achieving the state of balance that is the state when its
total energy will be minimum value.

In most molecules, electrons in the ground state are
paired; it means that in every orbital there are two elec-
trons. It is the singlet state. After induction an electron
can pass to the singlet state with higher energy. Of
course it is not stable and electron goes back to the pri-
mary singlet state for molecule to achieve the minimal
value of energy. One of possibilities of getting rid of
access to energy is its radiation in the form of light. Flu-
orescence phenomenon is illustrated by the use of
Jabtonski diagram as shown in Figure 1. One can ask
what the sense of fluorescence is. First, the molecule
absorbs some part of energy and then emits it. In reali-
ty absorbed energy is higher than the emitted one.
Thanks to that, light emitted by a molecule can be easi-
ly distinguished from the light that was used to induce it
to higher electronic state.

It results from the fact that absorbed energy is not
lost by radiation — by fluorescence. Before fluorescence
occurs the loss of part of energy takes place in a non-
radiative way. In short, it results from the fact that in the
case of molecules we do not meet only single value of
energy — absorption or emission lines. In molecules’
energy of electron states we deal with energy bands of
absorption and emission inside which changes of ener-
gy of an electron can occur, what is shown in Figure 1.
The difference of energy between the energy of absorp-
tion and emission reveals in the shape of fluorescence
spectra. Emission spectra are moved according to
absorption spectra in the direction of longer waves —it is
called Stokes Shift. The example of Stokes Shift is shown
in Figure 2.

The order of following electron levels and allowed
movements between them will decide about the length
of wave of light which will be needed to induce molecule
— energy that is carried by light must reflect the ener-
getic gap between levels for which the movement
occurs.

By changing the length of wave you can selectively
induce different molecules for which measurements of
fluorescence spectra will be carried out. Different mole-
cules absorb light of different length of waves.

In the case of longer molecules (for example pro-
teins) the shape of fluorescence spectra can also depend
on the structure of the molecule and on environment in
which it is found [4]. In connection with changes that
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Fig. 1. A simplified Jabtonski diagram.
Ryc. 1. Uproszczony diagram Jabtonskiego.

occur in tissues in the case of systemic diseases of con-
nective tissue XXX can significantly influence the shape
of fluorescence spectra. Thanks to that, differentiation
between healthy and affected tissue can be made.

In the case of autofluorescence the role of fluo-
rophores is taken by molecules that are naturally pres-
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Fig. 2. Schematic illustration of Stokes Shift.
Ryc. 2. Schematyczna ilustracja przesuniecia
Stokesa.

ent in the examined part of tissue. Our research that is
aimed to differentiate systemic diseases of connective
tissue and to compare with a healthy tissue is conduct-
ed with the use of measurements of autofluorescence.
As mentioned earlier, it is an extremely sensitive method
of spectroscopy that does not cause any additional dis-
traction of material during the examination and allows
later for verification of examined samples in the tradi-
tional histopathologic test.

In experimental practice the measurement of fluo-
rescence spectra is performed using the system
described below. The examined sample is placed in the
cuvette if itis liquid, or on a glass if it is solid. The choice
of type of glass is important because similarly to other
materials it absorbs some lengths of waves — what dis-
ables the going through the sample. The choice of glass
is extremely important in the case of measurements
performed near ultraviolet. In that measurement quartz
is usually used because normal glass strongly absorbs
light in that range. If a lamp and not a laser is the source
of light, the proper length of wave of induction is chosen
using the monochromator.

Besides classic fluorescence spectroscopy relying on
measurements of fluorescence spectra independently of
time, there is also a technique in fluorescence spec-
troscopy that makes it possible to measure decay of flu-
orescence over time and it is called time-resolved fluo-
rescence spectroscopy. Recently with development of
measurement apparatuses and development of lasers
thanks to which we can produce light of induction in
a wide range of visible light, time-resolved fluorescence
spectroscopy has played an increasing role in medical
research [9, 10]. In the case of time-resolved fluores-
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cence spectroscopy, we obtain also possibility of meas-
uring the fluorescence spectra and more precisely
changes of its intensity in time. That measurement can
be particularly needed when the examined sample con-
tains a few fluorophores that differ in absorption and
emission bands and time of fluorescence decay. Meas-
urements performed using the technique of time-
resolved fluorescence spectroscopy make it possible to
separate fluorescence spectra of fluorophores present in
that kind of systems. It is a much simpler task than in
the case of measurements of fluorescence spectra with-
out its dependency on time of decay.

Also when in the examined sample there is only one
fluorophore present but the environment in sample can
be different depending on what part examined — differ-
ences in chemical or physical properties occur, time-
resolved fluorescence spectroscopy can be extremely use-
ful [11]. The differences of properties of environment in
which fluorophore is present can lead to big changes in
time of diminishing of its fluorescence. Observing the
time of fluorescence diminishing in different parts of the
examined sample we can obtain a lot of additional infor-
mation on the environment in which fluorophore is pres-
ent. In the case of biomedical research it can be used in
trials of following biochemical reactions or checking trans-
port of molecules e.g. drugs through cell membranes.
Besides, time-resolved fluorescence spectroscopy allows
us to gain significant information on the geometric struc-
ture of molecule. That information is often impossible to
obtain in steady-state fluorescence spectroscopy [4].

Closing remarks

The last two decades of the twentieth century wit-
nessed a vast development of methods of spectroscopy
in physics, chemistry and biology. The increase of sensi-
tivity of detectors, new sources of light — first of all LED
lasers led to an increase of implementing fluorescence
spectroscopy in sciences. Those experiments were then
transferred to other sciences such as environmental pro-
tection or medicine. Especially in the latter one, the use
of fluorescence spectroscopy in the range of visible light
and close infrared can give examples of spectacular suc-
cesses. It is widely used in DNA sequencing, genetic
analyses using fluorescent in situ hybridization (FISH)
what allows genetic defects in the foetus to be found in
prenatal tests.

Also in diagnostics and treatment of oncologic dis-
eases the use of fluorescence significantly improved
prognostic possibilities for the patient. Nowadays, in
surgery fluorescent markers are often used to localize
more precisely tumour cells before their removal, for
example in patients suffering from astrocytoma [12].
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The number of methods of fluorescent spectroscopy
used in medicine increases each day. Basing on fluores-
cence spectroscopy a number of extremely important
discoveries and observations of processes on the level of
cell took place. Modern fluorescence microscopy allows
observation of such extremely important processes like
apoptosis or cell divisions. In a number of diseases (e.g.
Alzheimer’s disease) thanks to the use of fluorophores
one can follow the progress of the disease or try to diag-
nose the disease at an early stage [13].

The presented application of fluorescence in medi-
cine gave some spectacular discoveries. In the case of
rheumatology the number of articles dedicated to the
use of fluorescence in diagnostics of systemic diseases
of connective tissue and monitoring of their treatment is
relatively small. In most cases it is limited only to
immunofluorescence tests. That is why we would like to
introduce principles of fluorescence spectroscopy to
rheumatologists. As our earlier works show [5, 14] sig-
nificant changes in fluorescence spectra may be
observed while the simplest tests with the use of fluo-
rescence spectroscopy are performed. These tests are
much simpler than those performed at present in the
case of tumours or Alzheimer’s disease. As in those
fields of medicine tests with the use of fluorescent can
give promising results, it is likely that also in rheumatol-
ogy the examination of dermal-muscular specimens in
systemic diseases of connective tissue with the use of
fluorescence spectroscopy will offer new information
and the introduction of new diagnostic methods. For
many years our research has been oriented in that direc-
tion and the first results are very promising.
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