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TWO-PHOTON FLUORESCENCE EXCITATION CROSS-SECTIONS OF
PHOTOSENSITIZER THIOXANTHONE TO FABRICATE CELL SCAFFOLD FOR
BIOMEDICAL APPLICATIONS

Bibi Safia Haq'?, Hidayat Ullah Khan?, Abdul Shakoor*, Shahnaz Attaullah®, Kausar Shaheen', Khan Alam®

ABSTRACT

This study investigates the fluorescence emission profile of Thioxanthone in Ethanol due to two photon absorption
excitation. Thioxanthone was investigated as Photosensitizer to fabricate cell scaffold in Ethoxylated Bis Phenol A
Dimethacrylate for tissue repair in the field of biomedical. Also Incident Laser Power Effects were analyzed and
Jound that the Fluorescence Intensity increases with increasing Incident Laser Power, I, and the emitted fluorescence
obeys the square-law dependences. Also when the Photo-Sensitizer was excited at different wavelengths (800nm,
400nm), it was found that Fluorescence Emission Profile did not change but variations occurred only in Fluorescence
Emission Intensity.
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INTRODUCTION

Tissue Engineering approaches are currently being
extensively investigated to produce substitutes that can
restore, and maintain biological function, or improve
functions of a tissue, or a whole organ.

Fabrication of biocompatible materials are quite inter-
esting which can be used as the mechanical framework
for attachment of cells and proliferation to enable the
integration of living cells'. Different materials can be
used for the fabrication of scaffold such as ceramics,
biopolymers, synthetic polymers, and metals that are not
rejected by the body upon implantation. Identification of
a suitable material is required to create an engineered
tissue for specific application. Also structuring of the
scaffold material and cell seeding into the scaffold for
cell culturing is required?.

For rapid-prototyping of various medical devices
such as micro needles for drug delivery, bone replace-
ment prostheses, and tissue engineering scaffolds?
Two-Photon-Polymerization (TPP) techniques has been
used successfully. 3D structures can be fabricated using
nonlinear optical micro structuring technique based on
two-photon polymerization of organic materials*. TPA
process, applied to photon polymerization is used for
many advanced applications such as fabrication of 3D

microstructures, 3D integrated optical components, optical
data storage’ and also in getting attention because of
the potential for two-photon excitation for bimolecular
imaging, two-photon photodynamic therapy® and two-pho-
ton laser scanning fluorescence microscopy’.

In two photon absorption phenomena, molecules move
from low energy level to high energy level by absorbing
two photons simultaneously. To control threshold energy,
a femto-second laser system with high peak power, and
800nm wavelength, close to the half of the wavelength
of polymerization, and very short pulse width, < 100
femto-second (fs), are used for two-photon polymeriza-
tion processes®.

Fabrication of um and nm scale 3D structures’ using
TPP process is an application of TPA phenomenon. To
initiate TPA polymerization processes, chromophores
with an efficient TPA property are required as photo-
sensitizer. In the last few years, rigorous work™!%!112
has been undertaken for the development of two-photon
chromophores with high TPA cross section to fabricate
micron size 3D structures.

In the current study, Thioxanthone was investigated
as photosensitizer and photoinitiator, and its two-photon
excitation fluorescence was recorded. To get the excited
fluorescence, femto-second laser beam was allowed

1 Department of Physics, JCW University of Peshawar, Khyber Pakhtunekhwa, Pakistan

2 Department of Physics and Mathematics, University of Hull, Hull, HU6 7RX, United Kingdom

3 Department of Physics University of Peshawar, Khyber Pakhtunekhwa, Pakistan

4 Department of Matrials, SAACME, Loughborugh University, LE1l 3TU, United Kingdom 23
5 Department of Chemistry, JCW University of Peshawar, Khyber Pakhtunekhwa, Pakistan



J. Engg. and Appl. Sci. Vol. 35 No. 1 January - June 2016

to fall on the solutions of the material at 800nm and
400nm wavelength. Emission spectra at 800nm and
400nm wavelength excitation were compared, and their
absorption cross sections were calculated.

Various studies'"'*!'* have revealed that single photon
and two photon excited fluorescence are essentially
identical processes. Controversy exists, however, about
the determination of the collection efficiency and fluores-
cence quantum yield". This problem can be minimized
if the measurement of intensity ratio of single photon to
two-photon excited fluorescence is performed, when the
physical and geometrical arrangement within the same
optical system are identical’.

Photo-polymerization initiated by a two photon
absorption (TPA) process is used in the present study
to fabricate three dimensional (3D) micrometer sized
structures and to rapid-prototype tissue engineering
scaffolds. In this way, the present investigation explores
the use of lasers in such treatments or in the production
of structures required for research into new procedures.

MATERIAL USED

Photosensitizer Thioxanthone, used in this study is
Type II photoinitiator. /-chloro-4-propoxythioxanthone
(C,;H,,CIO,S) is the Chemical Name of Thioxanthone
with molecular weight 304.79. Its molecular structure
is displayed in Figure 1. Compounds that initiate reac-
tions without being consumed are known as Type-II
Photoinitiators. They are generally slower than type I pho-
toinitiators'®!8, To generate a micron scale 3D structure,
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Figure 1. Chemical structure for 1-chloro-4-propoxy-

thioxanthone

24

ISSN 1023-862X - elISSN 2518-4571

two-photon polymerization (TPP) of photo-cross-linkable
Ethoxylated Bisphenol A Dimethacrylate (EBPADMA)
(6EO) monomers was used.

Experimental arrangements and Methods

To determine the single photon and double photon
fluorescence emission spectra for /-chloro-4-propoxy-
thioxanthone, the sample solution with 1.6x102M was
exposed to laser pulses in a 10mm cuvette. The incident
laser beam strike the cuvette at the middle passing through
irises of different diameters. To record the two photon
excited fluorescence spectrum, a fiber coupled spectrom-
eter (USB 4000 Ocean optics) connected to computer
was used. To produce single photon excited fluorescence,
400nm wavelength laser light was used under similar
experimental set up aforementioned. Fluorescence spectra
at 400nm and 800nm wavelength were recorded accom-
panied by the plots of their normalized intensities. Figure
2 shows solution of the photosensitizer with 1.6x10M
concentration in ethanol exposed to femto-second laser
system with 650mW average laser power and 146fs
pulse duration (repetition rate = 1 kHz). The laser beam
was passed through attenuation filter and only 200mW
at 800nm (or alternatively 381uW at 400nm) was shine
on the cuvette through iris without focusing. A strong
fluorescence of I-chloro-4-propoxythioxanthone was
observed at 490 nm wavelength.

Iris
Cuvette Mirror

4 i
t' Frequency doubling i
il crystal

CINE

Spectrometer
i,
Beam splitter’

Mode Locked

Filter

Ti: Sapphire
Laser

150fs

800nm : e — !f

.
Mirror

Figure 2 Experimental setup to study Two-photon exci-
tation of photosensitizer

RESULTS AND DISCUSSIONS

Using a UV/Vis Spectrometer Lambda Bio 10 (Perkin
Elmer), absorbance at different concentrations was worked
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out for I-chloro-4-propoxythioxanthone. Laser light
was allowed to fall on a solution of the photoinitiator
Thioxanthone (0.1M) in ethanol in a 10mm cuvette.
Spectrums of the material indicate that the absorbance
of the photoinitiator Thioxanthone increases as a function
of increase in concentration. The peak absorbance is at
313nm and 385nm wavelength indicated in Figure 3.
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Figure 3. Absorbance spectra at different concentrations
of Thioxanthone in ethanol

The appearance of several absorption peaks or shoul-
ders for a given photosensitizer is common'*?! and may
depends on the solvent used as has appeared in Figure
3 where the solvent is ethanol. The molar extinction
coefficient ¢ from gradient of the graph (absorbance vs.
concentrations) at 400nm wavelength was found to be
2870 M-'cm™, as shown in Fig 4.
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Figure 4. Molar absorption coefficient, &, for
1-chloro-4-propoxythioxanthone at 400nm wavelength
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Fluorescence spectra emitted at 800nm and 400nm
wavelength were plotted as shown in Figure 5. Their
normalized curves were also plotted as given in Figure
6. The onset of the centered peaks of the fluorescence
spectra excited at 800nm and 400nm at ~ 490nm indi-
cated that single photon and double photon absorption
populate the same fluorescing excited state!”%,

0 = ) vs fluorescence at 400nm

—— A vs fluorescence at 800nm

1000 |

2000 |

Intensity counts |

3000 |

4000 1

420 440 460 480 500 520 540 560 580 600

Wavelength A(nm)

Figure 5. Excitation spectra of Thioxanthone in Ethanol
at 400 and 800nm wavelength
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Figure 6. Normalized excitation spectra for Thioxanthone
in Ethanol at 400nm and 800nm wavelength

4.1:Two-Photon Absorption phenomenon

For the excitation of fluorophores, laser power was
made incident on a fluorophores-containing specimen.

In logarithmic plot of fluorescence verses laser power,

it was observed that the fluorescence emitted due to
TPA phenomenon dependence on quadratic power. A
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Figure 7. Logarithmic plot of fluorescence as a function
of laser power for Thioxanthone shows that linear fit to
the data has a gradient of 1.8+0.05.

plot on log—log scales shown in Figure 7 indicates that
fluorescence intensity depends on the power of incident
laser. The fitted slope for /-chloro-4-propoxythioxanthone
is 1.84+0.05 which confirm squared power dependence.

The OPA cross-section, for the 16x1073 molar solution
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was based on the measurement of molar absorption
coefficient £ found to be 2870M 'cm! for I-chloro-4-prop-
oxythioxanthon. OPA cross section was determined to be
11x10"8¢cm? molecule’. A value for the TPA cross-sec-
tion, 5, = 7x107° cm* s photon”, was calculated for
Thioxanthone in ethanol by comparing the fluorescence
signals emitted due to 800nm and 400nm wavelengths
excitation respectively'.

4.2 :Fabrication of cell-scaffold for Biomedical
Applications

To analyze [-chloro-4-propoxythioxanthone as pho-
toinitiator in the monomer, its solution (0.1M) was
prepared in Ethoxylated Bis Phenol A Dimethacrylate
(EO=6). In order to investigate polymerization phenom-
enon in the monomer, A femto-second

Ti: Sapphire laser source was used to shine laser light
on the solution contained in a 10mm cuvette. It was
observed that no polymerization effects can be seen in
the presence of Thioxanthone derivative when used as

Figure 8. SEM images (a) tissue scaffold having 14pm pore sizes with 10pm ridges suitable for liver as well as fibroblast
and (b) 3D structure fabricated for cell scaffolds using two-photon polymerization with small pore size suitable for the

cell possession and growth especially for the generation of fibroblast. (¢) Optical microscope image of cell scaffold for

large pore size.
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Photoinitiator. This revealed that a proper co-initiator
is needed to make I-chloro-4-propoxythioxanthone an
efficient initiator. In the presence of Photosensitizer 4,
4’-Bis (diethylamino) Benzophenon the resin showed
Polymerization and cell scaffold were fabricated for tissue
repair as shown in Figure 8. These cell scaffold structures
were fabricated to get pores size of approximately 13pum
horizontally and 12um vertically with approximately 10
to 14pum ridges between them as can be seen in Figure 8.
Small pore sizes are chosen in order to provide structures
where cells might adhere and flourish. Cell scaffolds
with such pore size are suitable for the cell possession
and growth especially for the generation of fibroblast®.

CONCLUSIONS

This study was aimed to investigate the two photon
absorption excitation of /-chloro-4-propoxythioxanthone
and the incident laser power effects on fluorescence
emission profile. Also the photosensitizer was analyzed
for two photon polymerization to prepare cell scaffold
for tissue repair. To find out two-photon absorption
cross-section of /-chloro-4-propoxythioxanthone, the rel-
ative efficiency of one- and two-photon excited emission
spectrum with femtosecond laser pulse trains were used
in the vicinity of the Soret band. Fluorescence studies
confirm the two-photon excitation of /-chloro-4-propoxy-
thioxanthone, exposed to 800nm wavelength excitation.
It was found that the fluorescence intensity increases
with increasing incident laser power, I ,and the fluores-
cence emitted due to excitations obeys the square-law
dependences.

Polymerization effects were not observed in the resin
exposed to the laser light, containing Thioxanthone
derivatives as Photo-initiator. This indicates that in the
absence of a co-initiator, photo-sensitizer used is not an
efficient initiator. In the presence of the poto-sensitizer 4,
4’-Bis (diethylamino) Benzo-phenon or Camphor-quinone
(CQ) polymerization was observed.

It was observed that fluorescence emitted at differ-
ent wavelengths (800nm, 400nm) had same emission
profile but variations occurred only in the intensity of
the emitted fluorescence.
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