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Fluorescence characteristics of human urine from normal individuals
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Early diagnostics of ovarian cancer is diﬃcult, because there are no symptoms until the disease has progressed to an
advanced stage. As urine contains many intrinsic ﬂuorophores, modern ﬂuorescence techniques are perspective candidates
for new routine urine tests. The presented work deals with diﬀerences in the ﬂuorescence of metabolites in urine of ovarian
cancer patients comparing to healthy volunteers using the ﬂuorescence excitation-emission matrices. The most serious
diﬀerences were found in undiluted urine at the ﬂuorescence emission wavelengths from 400 nm to 460 nm when excited
at 310 – 390 nm. Statistical analyses of our data have shown a 5-fold reduction in the intensity of the peak at 330/420 nm
(excitation/emission wavelength) for undiluted urine samples excreted by cancer patients as compared to those of normal
donors. Moreover, the ratio of intensities of the peaks at 370/440 nm and at 330/420 nm is 18-times elevated in urine excreted by patients with ovarian cancer as compared to healthy urine samples. The observed changes could be interpreted as
reduction of the presence of pyridoxic acid, whereas blue-ﬂuorescing pteridines becomes dominant in excitation-emission
matrices of cancer urine samples in comparison to healthy donors. We suggest pteridines, which are related to cellular
metabolism, as suitable candidates for neoplasia-associated ﬂuorescent markers in human urine. Our work showed that
monitoring of human urine ﬂuorescent metabolites oﬀers an alternative for ovarian cancer screening.
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Human urine is a complex biological ﬂuid containing
a range of chemical compounds produced by the body. Urine
is an aqueous solution of metabolites, inorganic salts and
organic compounds. The composition of urine is inﬂuenced
by many factors including body metabolism, dietary intake,
age, hydration and diseases [1]. Analysis of urine is therefore widely used for detection of various health conditions.
Standard urine examination includes physical, biochemical
and microbiological tests. These analyses require additional
slow and costly processes (isolation, puriﬁcation, etc.). As
urine contains many intrinsic ﬂuorophores, modern ﬂuorescence techniques are perspective candidates for new routine
urine tests. When compared to other methods, ﬂuorescence
analysis is fast, safe, highly sensitive, and noninvasive. Also,
this method is stressless for patients and cheap enough to be
provided routinely. Fluorescence spectra of urine from healthy
humans were ﬁrst presented by Leiner et al. [2] at various
excitation and emission wavelengths in the form of contour

plots of excitation-emission matrices, along with tentative
assignments of ﬂuorescent peaks. Data presented in [2] have
shown that human urine contains a variety of components
with strongly overlapping ﬂuorescence bands and can be
adequately studied by three-dimensional plot methods. Application of the advanced ﬂuorescence techniques to urine
autoﬂuorescence analysis oﬀers a chance to detect urinary
metabolites potentially associated with neoplastic process,
which could provide a new direction in current search for
predictive and prognostic markers [3, 4].
So far, there is only a single study focused on spectral
analysis of urine autoﬂuorescence in patients with mixed
histological types of tumors [5]. The authors used simple ﬂuorescence emission spectra and Stokes shift spectra to analyze
the native ﬂuorescence of urine samples of healthy controls
and those of patients with diﬀerent type of cancer.
In this study, we concentrated on the analysis of changes
in urine autoﬂuorescence from patients with ovarian cancer
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in comparison to healthy subjects. The changes in intrinsic
ﬂuorescence were studied by three-dimensional plot methods of ﬂuorescence excitation-emission matrices, where the
characteristic circular patterns resulting from ﬂuorescence
were used to identify particular wavelengths suitable for
proper selection of ﬂuorophores. The aim of the study was to
investigate the possible cancer screening potential of human
urine autoﬂuorescence.
Materials and methods
This study has been cleared by The National Cancer Institute
(Slovakia) Ethics Review Board for human study and registered
with the number FAM OVCA 1. The research was carried out
according to the World Medical Association Declaration of
Helsinki and patients have signed an informed consent.
32 morning urine samples from fasting normal volunteers
and 37 oncological patients were used in this study. All of
them were analyzed for pH, protein, glucose, bilirubin, nitrate, hemoglobin, ketones, acetone, and urobilinogen. The
presence of red blood cells, white blood cells, casts, epithelial
cells and crystals was also tested in these samples at the Department of Clinical Biochemistry, National Cancer Institute,
Bratislava, Slovakia. All of 32 samples from volunteers (women aged 36 - 73) showed no abnormal laboratory ﬁndings and
they were referred to healthy samples, i.e. controls. 37 urine
samples were taken from oncological patients (women aged
36 – 78) before radical surgery for ovarian cancer. The histological examination of removed tissues conﬁrmed ovarian
malignant tumors (ICD 10 code C56). Urine samples were
taken before the start of anticancer or antibiotic therapy.
Urine samples were centrifuged at 3000 rpm for 10 min at
room temperature (22 ± 1ºC) and undiluted supernatants
were used for spectral analysis. The detailed ﬂuorescence
data for excitation-emission matrices (EEMs) of urine samples were obtained on a LS45 (PerkinElmer) luminescence
spectrometer using the FL WinLab software. Measurements
were taken at room temperature (22 ± 1ºC) in an ultra micro
quartz cuvette (5 mm excitation path length and 1 mm emission path length). Both emission and excitation slit widths
were set to 10 nm. Fluorescence emission spectra were taken
at excitation wavelengths from 250 to 530 nm in intervals
of 20 nm. Emission was taken in intervals of 270 - 650 nm.
Excitation-emission matrices represent the relation among
the ﬂuorescence intensity, excitation wavelength and emission wavelength. They were created of the set of emission
ﬂuorescence spectra of urine samples with various excitation
wavelengths. The x-axis represents the emission wavelength
and the y-axis the excitation wavelength. Contour lines
connect regions of the same ﬂuorescence intensity and each
contour line represents 5 percent of the full ﬂuorescence scale.
The collected data were graphically and statistically processed
by the R software. The Mann–Whitney U test was used to
compare mean values of ﬂuorescence of urine samples from
healthy and oncological patients.
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Results
Typical ﬂuorescence emission spectra of urine from healthy
humans are presented in Fig. 1a) as contour plots of excitation-emission matrix (EEM) for undiluted urine. We can
resolve three main bands in the EEMs: (A) at 450/520 nm
(peak excitation/peak emission), (B) at 370/520 nm and (C)
with a maximum at 330/420 nm and a shoulder at 370/440 nm
(Fig. 1a). All of these excitation-emission characteristics were
found in each of the 32 urine samples from healthy controls.
The EEMs of urine from cancer patients were diﬀerent from
the EEMs from healthy volunteers. Although we observed
similar spectral characteristics of the peaks (A) at 450/520 nm
and (B) at 370/520 nm in urine samples from cancer patients
(Fig. 1b), the (C) band exhibits visible diﬀerences both in the
peak position and ﬂuorescence intensity. Whereas ﬂuorescence
of the (C) band in healthy volunteers is maximal at 330/420
nm with only a shoulder at 370/440 nm, urine samples from
oncological patients are characterized by pronounced depression of ﬂuorescence at 330/420 nm and domination of the
peak at 370/440 nm in this spectral region. As a result, we can
see a shift from 330/420 nm to 370/440 nm in the (C) band
position. Moreover, urine samples of cancer patients can be
described by weak ﬂuorescence in the whole excitation-emission region of the broad (C) band.
The information obtained from detailed contour plots of
EEMs enabled us to identify a 5-fold reduced intensity of the
peak at 330/420 nm for undiluted urine samples from cancer
patients as compared to controls (Fig. 2a). Moreover, the ratio
of intensities of the peaks at 370/440 nm and at 330/420 nm is
18-times elevated in patients with ovarian cancer compared to
healthy persons (Fig. 2b). On the contrary, the intensities at
450/520 nm, do not show any signiﬁcant changes (Fig. 2a).
Discussion
Three ﬂuorescent bands were recognizable in the EEMs
obtained from undiluted urine samples of both healthy (Fig.
1a) and cancer (Fig. 1b) subjects involved in our research. We
labeled the observed bands as A, B, C.
The (C) band could be composed of several emission
peaks and we are able to distinguish at least two peaks at
330/420 nm and at 370/440 nm. The peak at 330/420 nm can
be attributed to several ﬂuorophores; pyridoxic acid is the
strongest ﬂuorescent species from this group and other urine
compounds, such as uric acid, xantine or hydroxyanthranilic
acid [6] might contribute to this ﬂuorescence, too. The peak
at around 370/440 nm may be formed by one or more species,
mainly blue-ﬂuorescing pteridines, and perhaps kynurenines
[2, 3]. Tissue ﬂuorescence at 440 nm can be caused also by
collagen and NADH, predominantly bound to a protein [5],
but it is diﬃcult to envisage the presence of these molecules in
healthy urine samples [7]. The peaks (A) and (B), emitted at
520 nm (Fig. 1a) are most likely due to the presence of ﬂavins
and their metabolites, which are normally found in urine at
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Figure 1. Excitation-emission matrix of a representative human urine sample from a) a healthy person and b) an oncological patient. Contour lines
connect regions of the same ﬂuorescence intensity and each contour line represents 5 percent of the full ﬂuorescence scale. A, B, C - indicate the location
of the observed excitation – emission maxima.

low concentrations (2 nmol/ml) [2, 8]. Fluorescence spectra of
ﬂavins are characterized by two excitation wavelengths at about
370 nm and 440 nm [9]. Also bilirubin could contribute to the
peak (A). However, bilirubin emits a considerably lower ﬂuorescence than ﬂavins and we have not seen abnormally elevated
bilirubin in our urine samples. Therefore, the contribution of
bilirubin to the ﬂuorescence in the investigated samples is most
likely negligible. The peak (B) at about 370/520 nm seems to
be only a shoulder of the band (C) in EEMs (Fig. 1), thus its

intensity is inﬂuenced by the strong ﬂuorescence of the (C)
band. Therefore, the peak (B) is not suitable for ﬂuorescence
determination of ﬂavins in urine samples.
The comparison of EEMs of undiluted urine samples
from patients with ovarian cancer and from healthy subjects
demonstrates that the most serious diﬀerences have occurred
in the spectral region of the (C) band, i.e. in the excitation
wavelength range of 310 – 390 nm and the emission interval of 400 - 460 nm. Apparently, urine samples from cancer
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Similar results were also reported by Masilamani
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et al. [5]. Moreover, statistical analysis of our data revealed
a 5-fold reduction (p < 0.001) in the intensity of peak (C) at
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0
at 330/420
nm in cancer urine samples is accompanied by
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Control samples
emergence of a peak at 370/440 nm that becomes dominant
in the EEMs of urine samples in cancer patients, whereas it
was manifested only as a shoulder to the intensive maximum
at 330/420 nm in the EEMs of healthy subjects. Correspondingly, the ratio of intensities of the peaks at 370/440 nm and
at 330/420 nm is elevated 18 times in urine from ovarian
cancer patients compared to healthy volunteers (Fig. 2b).
This means that urine samples from oncological patients
are characterized by dominance of the peak at 370/440 nm
and pronounced depression of ﬂuorescence at 330/420 nm
as compared to controls. As a result, we can see a red shift in
wavelengths of the band (C) maximum from 330/420 nm in
normal samples to 370/440 nm in urine samples of patients
with ovarian cancer. The revealed red spectral shift makes
this characteristic well resolvable. Observed changes in the
(C) band can be most likely interpreted as signiﬁcant reduction, even disappearance of pyridoxic acid [2], whereas the
blue-ﬂuorescing pteridines [2] become dominant in EEMs
of cancer urine samples.
Pyridoxic acid is the catabolic product of vitamin B6,
which is excreted in the urine. Several forms of vitamin B6
are known, but pyridoxal – phosphate is the principal active
form of vitamin B6 that is involved in almost 100 enzymatic
reactions. Deﬁciency of vitamin B6 has been associated with
considerably impaired carbon metabolism. Hence, low vitamin
B6 levels may increase cancer risk. Larsson et al. have found
that vitamin B6 may reduce risk of colorectal cancer as well
as ovarian cancer [10, 11].
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Pteridines have become a focal point of cancer screening
research in the last two decades because certain pteridine
levels have been shown to reﬂect the presence of cancer [12
- 14]. Pteridines also play important roles in the synthesis of
some vitamins, and are intermediates in anabolic and catabolic
reactions and serve as coenzymes mediating the action of some
enzymes. Malignant tumors possibly alter the biosynthesis and
metabolism of pteridines, thus leading to a change in pteridine
concentrations [13]. The blue ﬂuorescing derivatives of these
compounds include pterins and folates. Although folate is essential to numerous bodily functions, its ﬂuorescence quantum
yield is many times lower as compared to those of pterins
[15]. The most important blue-ﬂuorescing pterins excreted in
urine are neopterin, biopterin, xanthopterin, isoxanthopterin,
and pterin. Pterins can exist in diﬀerent oxidation stages, but
only fully oxidized pterins are highly ﬂuorescent, while the
ﬂuorescence of the reduced derivatives is much weaker. Rokos
et al. [12] presented data that indicated higher concentrations
of urine neopterin in patients with non-Hodgkin’s lymphoma
(7 cases) or with liver metastases (12 cases) then in control
subjects. Han et al. [13] showed that the levels of pterins were
found to be signiﬁcantly elevated in urine excreted by cancer
patients (9), without specifying cancer type. Gamagedara et
al. [14] found that the levels of pterins were higher in samples
from cancer patients than in those from healthy subjects. The
urine samples from cancer patients represented various combinations of breast (12), lung (9), colon (4), rectal (2), pancreatic
(1), ovarian (3), esophageal (4), bladder (1) and kidney (1)
cancers and non-Hodgkin lymphomas (4).
In our study we focused exclusively on ovarian cancer and
we compared female subjects, both with cancer and healthy.
Our results are statistically highly signiﬁcant (p < 0.001) and
suggest that ﬂuorescence features of urine are worth of pursuing for the further biomedical applications. However, to
elucidate the etiopathology of observed changes, more detailed
research is needed and is in progress.
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Conclusions
In this study, we explored the diﬀerences in ﬂuorescence
characteristics of human urine between healthy subjects and
patients with ovarian cancer. The detailed ﬂuorescence data in
the form of 3D contour plots of excitation-emission matrices,
scanned at excitation wavelength range from 250 to 530 nm and
emission taken in intervals of 270 - 650 nm were successfully
used for quantitative analysis of undiluted urine. Our data have
revealed important diﬀerences at the emission wavelengths
from 400 nm to 460 nm when excited at 310 – 390 nm, both
in the peak position and ﬂuorescence intensity. Healthy urine
ﬂuorescence is maximal at 330/420 nm with only a shoulder
at 370/440 nm, whereas urine samples from cancer patients
are characterized by pronounced depression of ﬂuorescence at
330/420 nm and dominance of the peak at 370/440 nm in this
spectral region. As a result, we can see a red shift from 330/420
nm to 370/440 nm. Statistical analyses revealed a 5-times reduction (p < 0.001) in the intensity of the peak at 330/420 nm
for urine samples from cancer patients as compared to those
of normal donors. Ratio of intensities of the peaks at 370/440
nm and at 330/420 nm is approximately 18-times elevated in
the urine of ovarian cancer patients compared to healthy urine
samples. The observed changes can be interpreted as a reduction
of pyridoxic acid ﬂuorescence, whereas blue-ﬂuorescing pteridines become dominant in excitation-emission matrices of urine
samples from cancer patients in comparison to healthy donors.
On the contrary, the intensities at 450/520 nm, corresponding
to ﬂavins, did not show any signiﬁcant changes.
Thus we showed that monitoring of human urine autoﬂuorescence oﬀers an alternative for ovarian cancer screening.
According to our ﬁndings, we suggest pteridines, whose
presence in urine reﬂects changes in cellular metabolism, as
suitable candidates for neoplasia-associated ﬂuorescent markers in human urine.
Acknowledgements: This study was supported by the Slovak
Agency VEGA Grants 2/0177/11 and 1/0668/11.

[4]

[5]

[6]

[7]

[8]
[9]
[10]

[11]

[12]

[13]

References
[1]

[2]
[3]

SAUDE EJ, ADAMKO D, ROWE BH, MARRIE T, SYKES
BD Variation of metabolites in normal human urine.
Metabolomics 2007; 3: 439–451. http://dx.doi.org/10.1007/
s11306-007-0091-1
LEINER MJP, HUBMANNN MR, WOLFBEIS OS The total
ﬂuorescence of human urine. Anal Chim Acta 1987; 198:
13– 23. http://dx.doi.org/10.1016/S0003-2670(00)85002-3
GUMULEC J, MASARIK M, KRIZKOVA S, HLAVNA M,
BABULA P et al. Evaluation ofalpha-methylacyl-CoA race-

[14]

[15]

mase, metallothionein and prostate speciﬁc antigen as prostate
cancer prognostic markers. Neoplasma 2012; 59: 191 – 201.
http://dx.doi.org/10.4149/neo_2012_025
SIVGIN S, BALDANE S, KAYNAR L, KURNAZ F, PALA C
et al. Pretransplant serum ferritin level may be a predictive
marker for outcomes in patients having undergone allogeneic hematopoietic stem cell transplantation. Neoplasma
2012; 59: 183 – 190. http://dx.doi.org/10.4149/neo_2012_
024
MASILAMANI V, VIJMASI T, AL SALHI M, GOVINDARAJ
K, VIJAYA RAGHAVAN AP et al. Cancer detection by native
ﬂuorescence of urine. J Biomed Opt 2010; 15: 057003. http://
dx.doi.org/10.1117/1.3486553
DUBAYOVA K, KUSNIR J, PODRACKA L Diagnostic
monitoring of urine by means of synchronous ﬂuorescence
spectrum. J Biochem Biophys Methods 2003; 55: 111–119.
http://dx.doi.org/10.1016/S0165-022X(03)00031-9
PUTNAM DF Composition and concentrative properties
of human urine. NASA contractor report (NASA CR-1802).
Washington, DC: National Aeronautics and Space Administration, July 1971.
OHKAWA H, OHISHI N, YAGI K New Metabolites of Riboﬂavin Appear in Human Urine. J Biol Chem 1983; 258: 5623
– 5628.
WEBER G Fluorescence of riboﬂavin and ﬂavin-adenine
dinucleotide. Biochem J 1950; 47: 114–121.
LARSSON SC, ORSINI N, WOLK A Vitamin B6 and Risk of
Colorectal Cancer. A Meta-analysis of Prospective Studies.
JAMA 2010; 303: 1077 – 1083. http://dx.doi.org/10.1001/
jama.2010.263
LARSSON SC, GIOVANNUCCI E, WOLK A Dietary folate
intake and incidence of ovarian cancer: the Swedish Mammography Cohort. J Natl Cancer Inst 2004; 96: 396 – 402.
http://dx.doi.org/10.1093/jnci/djh061
ROKOS H, ROKOS K, FRISIUS H, KIRSTAEDLER HJ Altered urinary excretion of pteridines in neoplastic disease.
Determination of biopterin, neopterin, xanthopterin, and
pterin. Clin Chim Acta 1980; 105: 275 – 286. http://dx.doi.
org/10.1016/0009-8981(80)90470-2
HAN F, HUYNH BH, SHI H, LIN B, MA Y Pteridine analysis in urine by capillary electrophoresis using laser-induced
ﬂuorescence detection. Anal Chem 1999; 71: 1265 – 1269.
http://dx.doi.org/10.1021/ac981218v
GAMAGEDARA S, GIBBONS S, MA Y Investigation of urinary pteridine levels as potential biomarkers for noninvasive
diagnosis of cancer. Clin Chim Acta 2011; 412: 120 – 128.
http://dx.doi.org/10.1016/j.cca.2010.09.015
THOMAS AH, LORENTE C, CAPPARELLI AL, POKHREL
MR, BRAUN AM et al. Fluorescence of pterin, 6-formylpterin,
6-carboxypterin and folic acid in aqueous solution: pH eﬀects.
Photochem Photobiol Sci 2002; 1: 421 – 426. http://dx.doi.
org/10.1039/b202114e

