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ABSTRACT
Spectrophotometry is an instrumental technique that uses energy transitions in molecules for analytical purposes, caused by the
absorption of electromagnetic radiation in the ultraviolet, visible or near-infrared range. Cancer cells, during their life or as a result of
decay, produce their characteristic metabolites, which are able to absorb electromagnetic radiation in the ultraviolet or infrared range
in various ways. The subject of this study was the spectrophotometric analysis of brain tumors that were removed during surgery and
the determination of the correlation between the obtained results and the histopathological diagnosis obtained after the surgery. The
study involved 50 adult patients, both sexes, treated surgically at the Department of Neurosurgery, Neurotraumatology and Pediatric
Neurosurgery, Collegium Medicum im. Ludwik Rydygier in Bydgoszcz, Nicolaus Copernicus University in Toruń, due to a brain
tumor. The research confirmed the truth of the assumption that the spectrophotometric evaluation is of clinical importance, which is
also consistent with other results of research on spectrophotometry. Spectroscopic examination of the lesions (carried out in parallel
with the histopathological examination) may also contribute to a more accurate diagnosis, and further treatment of lesions of a less
advanced stage. The results obtained from these studies are expected to be a preliminary step towards the precise determination of
the biology of brain tumors and an attempt to use fluorescent techniques in the early diagnosis of neoplastic lesions of the central
nervous system.

INTRODUCTION
Brain tumors constitute about 2% of all cancers
occurring in the world's population. Every year
in Poland, a brain tumor is found in about 4,000
people. Clinical symptoms in patients can be
divided into non-specific (associated with the
increase in intracranial pressure) and specific
(depending on the location of the tumor).
Complementing the diagnosis in patients who
are suspected of having a brain tumor are
imaging examinations such as a computer
tomograph (CT) and magnetic resonance
imaging (MR). So far, scientific research on
brain tumors did not give a full answer to the
changes taking place under the influence of the
carcinogenesis process. Histopathological examination of the tumor removed during surgery
determines the biology of change.

rently, spectroscopy is used, among others in
biochemistry (in studies of the dynamics of
enzymatic processes, the mechanism of vision
and the course of photosynthesis), in crystallography, forensics (non-invasive examination of
evidence, can be helpful in determining the
authenticity of artistic works), in medicine (noninvasive ex vivo and en vivo studies on living
tissues, for measuring blood glucose, diagnosing tissues, cellular tests, diagnosing cancerous
changes and identifying the distribution of
pigments in the skin). Over recent years, there
has been significant progress in the biomedical
sciences. Thanks to scientists, clinicians are
provided with newer therapeutic methods and
better and better diagnostic tools. Until now,
doctors could obtain information about the
patient's health status from an interview and
a clinical trial – today they have many modern
tools at their disposal. Modern diagnostics
includes research at various biological levels:
cells, tissues, organs and the entire organism.
The most complicated apparatus allows you to
look at numerous processes at the molecular
level. Fluorescence spectroscopy is an example
of such techniques. There are many reports in
the literature on the use of photoluminescence
for testing various tissues.

We are currently looking for new methods that
are able to dispel any diagnostic doubts. One of
these methods may be spectrophotometric analysis of brain tumors. Fluorescence spectroscopy
(fluorimetry, spectrofluorimetry) is a kind of
electromagnetic radiation spectroscopy where
the sample is analyzed using the fluorescence
phenomenon induced by light in the visible or
ultraviolet radiation range (Dowling, 2001;
Saraswathy, 2009). Fluorescent methods of
medical diagnosis are based on optical differences in the properties of healthy tissues and
tissues changed in the process of cancer. Cur-

The apparatus for fluorescence measurements is
called fluorimeters or spectrofluorimeters.
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Cancer cells, during their lifetime or as a result
of breakdown, produce their own characteristic
metabolites, which in various ways are able to
absorb electromagnetic radiation in the ultraviolet or infrared range. This method it can allow
to assess the completeness of the surgical procedure and create conditions for the diagnosis of
possible recurrence. The subject of this study is
the spectrophotometric analysis of brain tumors
removed during surgery and the determination
of the correlation between the results obtained
and the histopathological diagnosis obtained

after the surgery. The results will be able to be
compared with other studies on a given topic
and will contribute to the broadening of knowledge about spectrophotometry, which in the
future may allow better planning and more
effective treatment and monitoring of the
activity of these cancers. It is expected that the
results obtained from these studies will be
a preliminary step towards the exact determination of brain tumor biology and an attempt to
apply fluorescent techniques in the early
diagnosis of neoplastic lesions of the CNS.

ASSUMPTIONS AND AIM OF RESEARCH
Despite the high interest in spectrophotometry,
there are still not many reports on the use of
spectrophotometric methods in the case of brain
tumors in the available world literature (Lin,
2001; Kast, 2014; Milad, 2013).

planning treatment and monitoring the activity
of these tumors.
In order to verify the main assumption made,
specific hypotheses were also put forward: In
patients with central nervous system cancers,
there is a relationship between emission spectrum
and histopathological diagnosis.

Main thesis: Spectrophotometric analysis of
central nervous system tumors is of great
clinical significance in determining prognosis,

MATERIAL AND METHODS
The study involved 50 adult patients, both sexes
(27 females, 23 males), treated surgically in the
Department of Neurosurgery, Neurotraumatology and Children's Neurosurgery, University
Hospital No. 1 in Bydgoszcz due to solid brain
cancer, from January 2013 to March 2015.
A total of 57 fragments of brain tumors were
recovered. The patient's qualifying diagnosis for
the study was based on the interview, subject
examination and neuroimaging. After surgery,
histopathological diagnosis of brain tumor was
established. Patients with impaired consciousness, making it impossible to express
informed consent to participate in the research,
were excluded from the study.

Practice), transferred to cuvettes and subjected
to spectrophotometric analysis. In spectroscopic
studies, measurements of fluorescence emission
spectra were made. Excitation and fluorescence
emission spectra were measured on an F-7000
spectrofluorimeter (Hitachi, Japan). Measurements of stationary autofluorescence spectra of
brain tumor sections were made using a spectrofluorimeter for wavelengths of excitation 210
nm to 390 nm (measured every 20 nm –
emission spectrum) and for light observations of
330 nm to 390 nm (measured at 20 nm – spectra
excitation). The results in the form of diagrams
were developed in the Origin 8. The statistical
analysis of the collected material was carried
out using the Statistica 12.5 package. Descriptive statistics and distribution characteristics
were used to describe the variables. The intraoperatively collected material from the brain
tumor was subjected to histopathological examination (histological type and tumor grade) in the
Department of Clinical Pathomor-phology of
Collegium Medicum. Ludwika Rydygiera in
Bydgoszcz of the Nicolaus Copernicus University in Toruń.

All persons qualified for the study (after having
provided information about him) gave their
written consent to participate in it. The research
included spectrophotometric analysis of a brain
tumor fragment taken during surgery. The
material to be tested after sampling was placed
in special containers with 0.9% NaCl, and then
subjected to deep-freezing (temp about -30
degrees Celsius) (Richter, 2011; Moritz, 2012).
Next, the research material was defrosted in
accordance with GLP (Good Laboratory

RESULTS – ANALYSIS OF THE EMISSION
In the examined group of respondents, the most
prevalent were those with CNS metastasis and
with grade IV malignancy according to WHO.

The division in terms of the degree of malignancy was also made in a general way:
malignant tumor (WHO III or IV), which was
diagnosed in 25 tumor fragments, non-mali-
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gnant (WHO I or II) in 13 tumor fragments, in
17 patients were found metastasis to the CNS.

histopathological diagnosis. The study material
was divided into 3 groups: benign and intermediate grade malignant tumors, primary
malignant tumors and metastatic tumors. Emission spectra were tested at light excitation in the
wavelength range 250 nm, 270 nm, 290 nm, 310
nm, 330 nm, 350 nm, 370 nm, 390 nm.

The type of cancer was estimated in four general
groups of intracranial tumors: gliomas, meningiomas, metastatic tumors and others.

The results of measurements of stationary spectroscopy were systematized depending on the
EVALUATION OF BENINGN (WHO I) AND INTERMEDIATE (WHO II AND III) EMISSION LEVELS OF CNS
TUMORS, MALIGNANT CNS TUMORS AND CNS METASTASES
EMISSION SPECTRUM WHEN EXCITED WITH 250 NM LIGHT OF CNS TUMORS

Figure 1. Normalized emission spectra at 250 nm excitation of benign (WHO I) and intermediate grade of malignancy
(WHO II and III) of CNS tumors, CNS malignant tumors and CNS metastases
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EMISSION SPECTRUM WHEN EXCITED WITH THE 270 NM WORLD OF CNS TUMORS

Figure 2. Normalized emission spectra at 270 nm excitation of benign (WHO I) and intermediate grade of malignancy
(WHO II and III) of CNS tumors, CNS malignant tumors and CNS metastatic tumors

EMISSION SPECTRUM WHEN EXCITED WITH 290 NM LIGHT OF CNS TUMORS

Figure 3. Normalized emission spectra at 290 nm induction of benign (WHO I) and intermediate grade of malignancy
(WHO II and III) of CNS tumors, CNS malignant tumors and CNS metastatic tumors

53

Review and Research on Cancer Treatment
Volume 7, Issue 1 (2021)

EMISSION SPECTRUM WHEN EXCITED WITH 310 NM LIGHT OF CNS TUMORS

Figure 4. Normalized emission spectra at 310 nm induction of benign (WHO I) and intermediate grade of malignancy
(WHO II and III) of CNS tumors, CNS malignant tumors and CNS metastatic tumors

EMISSION SPECTRUM WHEN EXCITED WITH 330 NM LIGHT OF CNS TUMORS

Figure 5. Normalized emission spectra at 330 nm induction of benign (WHO I) and intermediate grade of malignancy
(WHO II and III) of CNS tumors, CNS malignant tumors and CNS metastatic tumors
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EMISSION SPECTRUM WHEN EXCITED WITH 350 NM LIGHT OF CNS TUMORS

Figure 6. Normalized emission spectra at 350 nm induction of benign (WHO I) and intermediate grade of malignancy
(WHO II and III) of CNS tumors, CNS malignant tumors and CNS metastatic tumors

EMISSION SPECTRUM WHEN EXCITED WITH 370 NM LIGHT OF CNS TUMORS

Figure 7. Normalized emission spectra at 370 nm induction of benign (WHO I) and intermediate grade of malignancy
(WHO II and III) of CNS tumors, CNS malignant tumors and CNS metastatic tumors
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EMISSION SPECTRUM WHEN EXCITED WITH 390 NM LIGHT OF CNS TUMORS

Figure 8. Normalized emission spectra at 390 nm induction of benign (WHO I) and intermediate grade of malignancy
(WHO II and III) of CNS tumors, CNS malignant tumors and CNS metastatic tumors

Fluorescence emission spectra recorded at 250
nm light excitation are shown in figure 1. For all
CNS tumor types, two major maxima can be
distinguished – at 335 nm and 390 nm.

of ex290 was chosen because from the correlation analysis it can be concluded that there are
large differences between benign and malignant
tumor and between malignant and secondary
cancer. Such a combination would allow to
show differences between all types of tumors
(see fig. 3)

In contrast, in figure 2, showing emission spectra
for excitation with 270 nm light, we only see
one maximum at 335 nm.

For the statistical analysis of the emission
spectra at excitation, the length at which the
band reaches the maximum fluorescence was
chosen because the spectra are characterized by
a single maximum – in relation to which the
maxima ratio can not be compared. The lengths
at maximum fluorescence, broken down by
tumor group, are listed in the table (tab. 1).

Similar results can be seen in figure 3 showing
the emission spectrum when excited with 290
nm light.
All results of the Pearson correlation analysis
were at the p-level close to zero (p < 0.05), i.e.
all results are statistically significant at α = 0.05.
The emission spectra were statistically analyzed
at excitation with 290 nm (ex290). The length

Table 1. Table containing list of length at maximum fluorescence for emission spectra at excitation 290 nm with division into tumor
groups: 1 – secondary cancer, 2 – malignant tumor, 3 – benign tumor
ex290 max
Patient

group

length at max fluorescence

G1

1

335,6

G2

1

335,2

G7

1

333,8
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G8

1

330,8

G11

1

342,8

G15

1

338,2

G20

1

336,4

G21

1

335,6

G27

1

336,6

G32

1

336,4

G33

1

348

P6

1

331,6

P11

1

331,4

P12

1

329,6

P15

1

330,2

P21

1

336,6

G12

2

333,6

G13

2

323,8

G17

2

337,4

G23

2

332,6

G29

2

342,2

G30

2

337,6

G31

2

339,4

P3

2

328

P7

2

334,8

P8

2

333,2

P10

2

329,4

P16

2

328

P17

2

331,2

P18

2

330,2

G3

3

331

G4

3

328,2

G5

3

339,4

G6

3

334

G9

3

337,6

G10

3

338,4

G14

3

337,8

G16

3

334,4
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G22

3

337,8

G24

3

335,2

G28

3

334,6

P1

3

331,2

P2

3

330,8

P4

3

338

P5

3

333,8

P9

3

332,2

P13

3

332,6

P14

3

327,2

P19

3

334,4

P20

3

332,8

α = 0.05 and for assumed hypotheses H0 – the
distribution is with normal distribution and H1 –
the distribution is not a normal distribution

Next, the consistency of the distributions in the
three groups with the normal distribution were
compared (tab. 2, 3, 4). It was assumed that

Table 2. Compatibility of distribution in group 1 – secondary cancer (metastasis)
group = 1(ex290 max)
Variable

N

W

P

length at max fluorescence

16

0,886237

0,048586

Table 3. Compatibility of the distribution in group 2 – malignant tumor
group = 1 (ex290 max)
Variable

N

W

P

length at max fluorescence

16

0,886237

0,048586

Table 4. Compatibility of distribution in group 3 – benign tumor
group = 3 (ex290 max)
Variable

N

W

P

length at max fluorescence

20

0,956355

0,473848

STATISTICAL ANALYSIS OF MAXIMUM SPECTRUM FLUORESCENCE
Only for the first group – neoplastic secondary
distribution is not a normal distribution, because
p < 0.05. Therefore, the nonparametric KruskalWallis test was chosen for further analysis. For

the test, the significance level α = 0.05 and H0
were assumed – the distributions are the same,
and the H1-distributions differ. The results are
shown in the table below (tab. 5).
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Table 5. Kruskal-Wallis nonparametric test result table for the length at which the maximum spectrum fluorescence is found for the
groups: 1 – secondary cancer, 2 – malignant tumor, 3 – benign tumor
ANOVA rang Kruskala-Wallisa; length at max fluorescence (ex290 max) Independent
(grouping) variable: group Test Kruskala-Wallisa:
H (2, N = 50) = 1,984965 p = 0,3707
Dependent: · length at max
fluorescence

Kod

N
ważnych

Suma
Rang

Średnia
Ranga

1

1

16

461,0000

28,81250

2

2

14

298,5000

21,32143

3

3

20

515,5000

25,77500

The critical value of the Kruskal-Wallis test for
two degrees of freedom is 5,991,464. The result
of the Kruskal-Wallis test H = 1.984965 and p =

0.3707 show that the groups do not differ
statistically with each other because the test
result H < Critical value and p > 0.05.

DISCUSSION
Investigations of autofluorescence spectroscopy
are a method that exploits the ability of endogenous fluorophores to fluoresce light of
a different length than an excitation light. There
are numerous molecules capable of autofluorescence in the tissues of living organisms.

nm light in the 6,370 nm graph on the 7 and 390
nm graphs in Figure 8, the same trends were
also observed – the maxima are the same as for
the spectra shown on Figure 5. For benign
malignancy tumors maxima are observed at the
450 nm, for malignant tumors at 500 nm, and
for secondary cancers between 450 nm and 500
nm.

In addition to the maximum at a length of about
335 nm, we observe for some cases (regardless
of the type of cancer), an additional band with
a maximum at 450 nm and/or 500 nm. It is
intriguing that for cases G10, P2 and P4 with
benign tumor and G33 and P21 with secondary
cancer (metastasis), there was a shift in the
maximum from 335 nm to about 385 nm. In
addition, one can observe a certain tendency
(although this is not the rule) – this applies to
the second band, where the maximum is at
450 nm and/or 500 nm. For cases with benign
tumors, most spectra have a maximum at
450 nm, and with malignant tumors, most spectra
have a maximum at 500 nm. In graph 5 a shift
in the maximum (for most spectra) from 335 nm
to 385 nm was observed. In addition, an increase
in fluorescence was recorded within the 450550 nm band in relation to the maximum at 385
nm. Also here, there was a tendency to increase
the maximum at 450 nm for benign tumors, and
the maximum at 500 nm is more characteristic
of malignant tumors.

In the conducted stationary studies, numerous
fluorescence spectra were obtained, indicating
the presence of endogenous chromophores in
the analyzed biological material. By excitation
with light lengths of 250-290 nm, the amino
acids contained in proteins are primarily
induced. They are phenylalanine (Phe), tyrosine
(Tyr), tryptophan (Trp). They emit fluorescence
in the range of 250-450 nm with maxima found
at 282 nm, 303 nm and 348 nm (RichardsKortum, 1996). Therefore, it is likely that the
spectra of light excitation excited at 250 nm,
270 nm, 290 nm and 310 nm show a band with
a maximum of 330-340 nm corresponding to
the fluorescence of amino acids (above all to
tryptophan). The spectra also show a band with
a maximum of about 390 nm. According to the
data presented, it may be pyridoxine or/and
collagen (Skoch, 2008). The fluorescence of
these chromophores is probably excited by 330
nm light, as can be seen in graph 13 showing
the excitation spectra at 390 nm light emission.
The next significant maxima in the emission
spectra are in the 450 nm and 500 nm positions.
According to the data for fluorescence with
a wavelength of 450 nm, nicotinamide, NADPH,
which are excited by successive light with
a length of 360 nm and 366 nm, may be responsible (Trehin, 2006). 330-340 nm. Fluo-

Secondary tumors (metastases) are a mixture of
spectra with a predominance of maxima at 450
nm or 500 nm. Unfortunately, also in this case it
is not a rule. The samples marked as G10, P2
and P4 with benign tumor as well as G33 and
P21 with secondary cancer still diverge from the
others. When fluorescence was excited with 350
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rescences with a length of 500 nm are observed
for elastin, which has maxima of excitations 350
nm, 410 nm and 450 nm (Senada, 2012; Teale,
1956; Pu, 2012).

covered by benign or malignant tumor lesions
are characterized by a band with one maximum
at a length of about 340 nm and a small fluorescence in the 400-550 nm range. These data
correspond perfectly with those obtained in this
work.

The stationary spectra of individual cases differed among themselves, which suggests a just
attempt to use this method for diagnostic purposes. It was suggested to divide the examined
material into benign, malignant and metastatic
CNS tumors. In the studied groups, there were
often cases whose spectra differed significantly
from the others. Unfortunately, the spectra
obtained in each group were not completely
consistent. Large differences in the shape of
spectra within individual groups have been
shown. These discrepancies may be due to the
fact that in addition to the type of cancer, other
factors such as medicines used, the exact
location of biological material, and co-morbidity
may also affect tissue fluorescence. Therefore,
to make further divisions, which in a more
systematic way could indicate differences in
fluorescence between groups, it is necessary to
increase the number of samples tested to be able
to correctly distribute cases.

The obtained test results and their verification
with the results of other scientists dealing with
fluorescence spectroscopy allow to confirm the
main assumption of this study that the assessment of excitation spectra, emission spectra and
fluorescence decay time in patients with central
nervous system tumors is of great clinical
significance in determining prognosis, planning
and monitoring the activity of these cancers
(Fillipi, 2001; Geiger, 2011; Hayashida, 2006).
Planning and appropriate treatment selection in
case of intracranial tumors is very complex and
often determines further prognosis. The photodynamic method is distinguished by the relatively low invasiveness of the surgery itself and,
at the same time, by high sensitivity and
resolution in comparison to traditional diagnostic
methods such as: nuclear magnetic resonance,
computed tomography, ultrasound (Hongwei,
2014; Petrovsky, 2003; Toms, 2005). Hence,
spectrophotometric analysis of brain tumors
may be extremely useful. This will allow to
make even more accurate diagnosis and to start
the appropriate therapy (Yaroslavsky, 2002;
Yinghua, 2010; Bergner, 2012).

Researchers from China, Yan Zhou (Zhou,
2012), studied the brain and brain tumors unharmed. They had at their disposal three different
types of tissues: normal, malignant tumor,
benign tumor. Using fluorescence excitation of
300 nm, they distinguished malignant tumor
from benign tumor and healthy tissue. Tissues

CONCLUSIONS
Not without significance is the fact that the use
of spectroscopic methods will allow very fast
analysis of the material collected. The physician
performing the examination will be informed in
a short time whether the material collected by
him shows the spectral characteristics of the
changed cells and whether the material should

be taken again from another place. The results of
the study, limited by the small size of the group,
do not allow for binding conclusions, but they
confirm the usefulness of the method in neurooncological cases. Fluorescent techniques will
not displace pathomorphological analysis in the
near future.
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