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Abstract
Introduction: Spectroscopic properties of Xeloda chemodrug have been studied over 
varying concentrations ranging between 0.001 and 10 mg/mL, using laser-induced 
fluorescence (LIF) spectroscopy. The alternative photoluminescence (PL) and near infrared 
(NIR) measurements are carried out to authenticate the obtained results by the LIF method.  
Methods: The XeCl laser as the excitation coherent source with 160 mJ/pulse at 308 nm is 
employed for LIF measurements of the fluorophore of interest in the modular spectroscopic set-up. 
Results: Xeloda as a significant chemodrug acts as a notable fluorophore. LIF, PL and NIR 
spectroscopy techniques are employed to investigate the spectral properties of the chemodrug in 
terms of concentration. The maximum LIF peak intensity of Xeloda is achieved at λmax=410.5 nm and 
the characteristic concentration of CP1=0.05 mg/mL. PL signals are in good agreement with the data 
given by the LIF measurements. The characteristic NIR spectra of Xeloda as solid evidence of chemical 
bonding formation attest to fluorescence quenching at the fluorophore concentration of ~ 0.2 mg/
mL. Besides, the spectral shift of fluorescence signals which is obtained in terms of fluorophore 
concentration- demonstrating as a diagnostic marker for the purpose of optimized chemotherapy.  
Conclusion: Xeloda exhibits outstanding fluorescence properties over the allowable concentration 
in human serum (Cmax). These characteristics could benefit potential advantage of simultaneous laser-
based imaging of cell-chemodrug interaction over in-vivo studies. 
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Introduction
Surgery and radiation therapy are used to remove, 
kill or damage cancer cells in a certain area, whereas 
chemotherapy acts throughout the whole body to not 
only palliate but also cure the disease. Xeloda (Xeloda, 
Roche) is used as the oral prodrug of fluorouracil (FU) 
in second-line palliative chemotherapy for different 
metastatic cancers such as colon, gastric and breast with 
the aim of increasing tolerability and selectivity of tumor 
cells.1,2 Xeloda is administrated as an oral form of FU 
+ leucovorin (LV) combination with superior efficacy 
and safety profile improvement.3 This chemodrug as 
an alternative to fluorouracil is also combined with 
other drugs such as oxaliplatin in diverse chemotherapy 
regimens for the treatment of different stages of cancer.4 
There is a rapid growth in demand for fast optical 
spectroscopic measurements in biomedical applications. 
On the other hand, laser-based measurements such 
as Raman spectroscopy and laser-induced breakdown 

spectroscopy find an effective contribution in cancer 
diagnostic methods and cellular imaging.5-9 However, the 
laser-induced fluorescence (LIF) technique enjoys several 
privileges against other diagnosis techniques relying on 
exogenous/endogenous biocompatible fluorophores 
which promote the measurements to a more controllable 
and highly selective level.9-11 Besides, the advantages of 
simultaneous imaging alongside photothermal therapy 
and chemotherapy could be achieved by the fluorescent 
chemodrugs.12-15 

Recently, the fluorescent properties of Xeloda 
(Capecitabine) have been studied using the ArF laser at 
a high concentration range of 0.25-10 mg/mL.16 Here, the 
XeCl laser as an alternative adaptable source in the clinical 
approach was exploited to excite Xeloda fluorophore. 
Moreover, LIF spectroscopy of Xeloda was carried 
out over varying concentrations ranging from 0.001 
to 10 mg/mL to characterize its fluorescent properties 
in favor of low and high intake doses. The validation 
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of LIF spectroscopy of Xeloda was examined under 
photoluminescence (PL) measurements. Furthermore, 
near infrared (NIR) spectra were also recorded in various 
concentrations to investigate the correlation of chemical 
bindings and fluorescence emissions. To the best of our 
knowledge, there is no similar report in the literature to 
investigate the fluorescence properties of Xeloda based on 
the comparative spectroscopic approach.

Materials and Methods
Xeloda (Roche GmbH) with MW=359.354 g/mol was 
solved in deionized water and exposed to ultrasonic 
irradiation to prepare a homogeneous and well-
dissolved solution. UV-VIS spectroscopy of Xeloda was 
implemented by the Cary 60 spectro-photometer with 1.5 
nm optical resolution over 190-1100 nm. Furthermore, 
the optical behavior of Xeloda solutions was studied 
utilizing PL and LIF techniques over a wide range of these 
chemodrug concentrations ranging from 0.001 to 10 
mg/mL. Moreover, PL and LIF spectra were achieved by 
averaging over at least 50 measurements for more reliable 
assessments. 

LIF measurements were performed by making use of 
the XeCl laser at the center wavelength of 308 nm, 160 
mJ/pulse, 20 ns pulse duration and the repetition rate of 
10 Hz. The laser beam was focused on the solution using 
a focusing lens with 8 cm focal length. Table 1 represents 
the laser beam properties such as type of laser, emission 

mode, delivery system, energy distribution, peak power, 
average power, focal spot diameter, focus spot area, peak 
power density at spot area, average power density at spot 
area and beam divergence. 

A modular Avantes spectrometer with 1 ms gate width 
and 0.5 nm spectral resolution over the wide UV/VIS/
NIR spectral range of 200-1100 nm was employed to 
record the successive fluorescence emission signals which 
were collected by a fiber bundle (FC-UV400-2-ME-
SR). Figure 1a displays the perpendicular configuration 
of LIF spectroscopy using fiber optic interconnections. 
Subsequently, PL measurements were carried out by 
making use of JASCO FP-6200 spectrofluorometer with 
a spectral resolution of 1 nm, which benefited from an 
excitation source of Xenon lamp. The detector was a 
high sensitive photomultiplier (PMT) to characterize 
the PL emissions. As a consequence, LIF employed a 
coherent light with better spectral resolution and flexible 
arrangement, whereas PL utilized an incoherent light 
source and a PMT detector. Despite the fact that PL 
suffered from lower spectral resolution, it benefited from 
higher sensitivity.

Furthermore, NIR measurements were implemented 
using the modular spectroscopy set-up, including an 
incoherent halogen lamp (HL-2000-HP) and an NIR 
spectrometer (NIRQuest) made by Ocean Optics. The 
nominal power of this incoherent source was 20 W, while 
the typical output power delivered to the target through 
the optical fiber reached ≈ 9 mW. In general, the high 
sensitive NIR spectrometer benefited from the InGaAs 
detector with an active wavelength ranging from 900 
to 2500 nm and a 5 nm spectral resolution. Figure 1b 
displays the chemical structures of LV, FU and Xeloda.

Results and Discussion
LIF Spectra
Figure 2a illustrates the UV-VIS absorption spectra in 
different concentrations of Xeloda. The measurements 
indicated the high absorbance at three characteristic 

Table 1. XeCl Laser Parameters 

Type of laser: XeCl Laser Spot diameter at the focus: 500 µm-2 mm

Emission mode: Pulse Focus spot area: 2-6 mm2

Delivery system: Direct beam
Peak power density at spot area: 32 kW/
cm2

Energy distribution: Gaussian
Average power density at spot area: 
6.4×10-3 W/cm2

Peak power: 8 MW Beam divergence: 3×1 mrad2

Average power: 1.6 W

Figure 1. (a) Experimental configuration for LIF measurements of Xeloda, including the UV coherent source of the XeCl laser at 308 nm, 
CCD based modular spectrometer with Czerny-Turner configuration over UV/VIS wavelength range and the collecting optical fiber bundles 
(FC-UV400-2-ME-SR) (b) Chemical structures of Leucovorin, 5-FU and Xeloda compounds.
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maximum peaks of 216, 237 and 302 nm in the UV 
region. The absorbance demonstrates a linear relation 
in terms of dilute molar concentrations (less than 0.06 
mg/mL) due to Beer-Lambert equation. Accordingly, 
Figure 2a-inset depicts the spectral absorbance versus 
various chemodrug concentrations emphasizing a linear 
behavior. Figure 2b shows a number of LIF spectra in 
different Xeloda concentrations ranging from 0.001 to 
10 mg/mL. The maximum peak intensity was achieved 
for the characteristic concentration of CP1=0.05 mg/mL 
at λmax=410.5. In fact, CP1 is a certain concentration of 
Xeloda where the maximum LIF intensity is observed. In 
pharmaceutical application, the parameter Cmax is defined 

as the maximum drug concentration in human plasma 
after characteristic time t1/2. Here, CP1 lay within the 
allowable range of Xeloda concentrations at human plasma 
(Cmax) during the final stage of the metabolic process 
of chemotherapy administration.17,18 Furthermore, the 
fluorescence emission underwent weaker and red-shifted 
signals at larger chemodrug concentrations. Figure 3a 
displays LIF peak intensity versus different characteristic 
concentrations ranging between 0.001 and 1 mg/mL at 
λexc=308 nm. The fluorescence signal intensity elevated 
against Xeloda concentration below CP1 ≈ 0.05 mg/mL; 
however, it underwent a sharp drop to CXeloda≈ 0.2 mg/
mL corresponding to a minimal LIF signal. The largest 

Figure 2. (a) UV-VIS absorption spectra of capecitabine in different concentrations characterizing three absorbance peaks at 216, 237 
and 302 nm. Inset: absorbance peak intensity versus fluorophore concentration (b) LIF spectra of different Xeloda concentrations ranging 
0.001-10 mg/mL.

Figure 3. LIF Peak Intensity Versus Xeloda Concentration Ranging (a) 0.01-1 mg/mL (b) 1-10 mg/mL.
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LIF signal was obtained at CP1=0.05 mg/mL, where there 
was another peak which took place at CP2=0.6 mg/mL. 
Figure 3b illustrates the signal at larger concentrations 
ranging between 1 and 10 mg/mL with a third peak at 
CP3=10 mg/mL accompanying a shifted wavelength of ~6 
nm. In general, three maximum peaks were observable at 
absorbance and fluorescence spectra. It is worth noting 
that Xeloda is a compound fluorophore in the form of 
LV+FU, whose therapeutic effect is notably enhanced, 
particularly for colon and breast metastases.

PL Spectra
The fluorescence properties of various blood antigens/
antibodies have previously been investigated using 
PL spectra.19 Furthermore, PL and LIF spectroscopies 
have recently been employed to study drug-protein 
interactions.20,21 In the present study, fluorescence 

properties for different Xeloda concentrations were 
assessed using PL measurements. Figure 4a depicts the 
Xeloda fluorescence spectra for various concentrations 
ranging from 0.007 to 10 mg/mL. PL measurements 
demonstrate the maximum signal intensity for the 
concentration of CP1=0.05 mg/mL at λmax =406 nm. The 
fluorescence signal becomes faint and red-shifted at a 
larger range of chemodrug concentrations. Figure 4b 
displays the variation of PL signal versus concentration 
ranging from 0.007 to 0.2 mg/mL. Similar to LIF, maximum 
and minimum PL intensities appear at fluorophore 
concentrations of CP1=0.05 and 0.2 mg/mL respectively. 
Figure 4c plots the PL signal at dense solutions ranging 
from 1 to 10 mg/mL with a maximum signal at Xeloda 
concentration of CP2=10 mg/mL. 

The higher concentrations emphasize the smooth rise 
of fluorescence intensity versus Xeloda concentration 

Figure 4. (a) PL spectra of different fluorophore concentrations ranging 1-10 mg/mL. Corresponding PL peak intensity versus Xeloda 
concentration ranging (b) 0.01-0.2 mg/mL (c) 1-10 mg/mL.

Figure 5. (a) Spectral red shift of PL peak intensity versus Xeloda concentration between 0.01-10 mg/mL. Inset: Normalized absorbance and 
PL spectra of Xeloda where the overlapping spectral area is highlighted (b) Spectral red shift of LIF peak intensity versus Xeloda concentration 
between 0.01-10 mg/mL. Inset: Normalized absorbance and LIF spectra of Xeloda with the highlighted overlapping spectral area.
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ranging between 1 and 10 mg/mL. It is worth noting that 
PL signals are in good agreement with data given by the 
LIF measurements. Fluorescence characteristic emission 
arises from the highest intermolecular transitions as well 
as the quenching effects, the formation of overwhelming 
dimmers and collisional dissipation.

Red Shift in LIF and PL Spectra
Recently, the behaviour of the spectral shift of LIF 
emission for different fluorophores has been reported.22,23 
In this study, the spectral shifts of Xeloda fluorescence 
emission in LIF and PL spectra were analyzed. Figure 5a 
illustrates the peak emission wavelength of PL signals 
in terms of Xeloda concentration indicating a slight red 
shift of 2.5 nm. Figure 5a-inset depicts the absorbance-
emission spectra characterizing a pronounced overlap 
area during PL measurements. Figure 5b plots the 
variation of the peak wavelength of LIF spectra in terms of 
fluorophore concentration. Figure 5b-inset represents the 
overlap area between absorbance emission spectra in LIF 
measurements. The hatched area is highlighted to indicate 
large reabsorption effects during LIF measurements. 
Spectral overlap covers a larger area in LIF than PL 
spectra, leading to a notable red shift in LIF (~6 nm) 
against PL experiments (< 2.5 nm). This originates from 
the coherent and incoherent excitation sources at LIF 
against PL measurements. The incoherent Xenon lamp 
is used for PL spectroscopy, while a coherent excimer 

laser is employed to obtain LIF spectra. Some spectral 
characteristics of LIF and PL are listed in Table 2, including 
the excitation wavelength λexc, the excitation pulse width 
Δλexc, emission wavelength λf , FWHM of emission peak 
Δλf and spectral/stokes shifts.

Here, spectroscopic characteristics of Xeloda as a 
common chemodrug were studied to verify the feasible 
medical applications of light interaction with this 
medication during simultaneous chemotherapy. LIF 
emission as a simple technique could be employed to 
monitor the chemodrug distribution and its cytotoxicity. 
This introduced a novel LIF-based protocol for 
simultaneous diagnosis and treatment of cancer.

NIR Spectra
NIR spectroscopy is a common technique for the 
identification of different tablets.24 Here, this method was 
employed to study the structure of chemical bindings 
in different Xeloda concentrations in deionized water 
over a wide spectral range of 900-2500 nm. Figure 6a 
depicts the NIR spectra for different concentrations from 
0.01 to 10 mg/mL. Figure 6a highlights the formation 
of molecular bands at a certain Xeloda concentration 
of 10 mg/mL. Although there was no covalent bonding 
for concentrations below 0.2 mg/mL, NIR absorbance 
was elevated at dense solutions. The appearance of 
several sharp peaks emphasizes the formation of strong 
intermolecular bindings such as the first overtone of 

Table 2. Spectral Properties of LIF and PL Spectra of Xeloda 

λexc (nm) Δλexc (nm) λf (nm) Δλf (nm) Spectral Shift (nm) Stokes Shift (nm)

Xeloda-LIF 308 2.5 406 130 6 194.5

Xeloda-PL 300 6 410 118 2.5 190

Figure 6. (a) NIR spectra for different concentrations of Xeloda ranging 0.01-10 mg/mL. (b) The formation of intermolecular NH, CH and 
OH bonds at 10 mg/mL concentration of Xeloda in deionized water dilution. Note that no bond appears below 0.2 mg/mL concentrations, 
while new NH, OH and CH bindings are formed at larger concentrations.
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C-H, N-H and O-H. The new intermolecular bonds were 
formed at dense solutions, including NH (1400-1500 nm), 
CH (1400-1500 and 2200-2400 nm) and OH (2000-2300 
nm). It is necessary to mention that NH and OH bindings 
were overlapped over 2000-2300 nm.

Furthermore, these findings attest that the largest 
fluorescence intensity takes place at CP1=0.05 mg/mL, 
which is in agreement with the data given in Figure 3a. 
At concentrations smaller than 0.2 mg/mL and larger 
than 0.05 mg/mL, strong quenching occurs due to 
fluorescence energy transfer.25 On the other hand, new 
bindings are pronounced above 0.2 mg/mL to avoid 
excessive quenching events in favor of radiative emission. 
In fact, the major portion of the kinetic energy of species 
is imparted to the formation of molecular bindings. 
Consequently, the population of molecular transitions 
increases instead of non-radiative deactivations, leading 
to larger fluorescence signals according to Figure 3b.26, 27

Conclusion
Xeloda as the oral chemodrug exhibits outstanding 
fluorescence properties over the maximum serum 
concentration regarding the pharmacokinetic variable 
of Cmax. This characteristic provides physicians with 
advantages for the forthcoming LIF-based/in-vivo 
diagnosis during chemotherapy treatment. There are 
three typical absorbance peaks for Xeloda in the UV 
region; therefore, an appropriate excitation wavelength at 
308 nm is selected and fluorescence emissions, as well as 
the corresponding spectral red shifts, are recorded. LIF 
measurements are performed by making use of the XeCl 
laser and CCD-based spectrometer. A maximum LIF 
signal is observed at CP1 ≈ 0.05 mg/mL at λmax=410.5. PL 
signals are in good agreement with the data given by the 
LIF measurements. NIR spectra represent the chemical 
structure of Xeloda in different concentrations. In fact, 
for the concentrations above 0.2 mg/mL, the population 
of molecular transitions is elevated according to the 
formations of new bindings, leading to the enhancements 
of fluorescence emissions. The corresponding spectral 
red-shift of ~6 nm attests to the dominant reabsorption 
events at the allowable medical concentration. Xeloda 
distribution throughout the target tumor envisages a 
novel cancer diagnostic method based on its certain 
fluorescence properties. 

This work enables us to carry out simultaneous 
diagnosis/imaging and treatment of cancerous tumors 
utilizing the UV coherent light alongside LIF spectroscopy. 
The excimer laser enables us to detect and ablate unhealthy 
tissues at the same time. The spectroscopic properties of 
Xeloda were investigated here to collect necessary data for 
biomedical engineers and clinicians who intend to carry 
out the clinical practice. LIF measurements of Xeloda as 
a biocompatible chemodrug/fluorophore using the XeCl 
laser could be suitable alternatives for the diagnosis and 

treatment of deep lesions via fiber in the near future.
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