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Label-free, 3D microscopic imaging
system for real-time in vivo

diagnostics

A new, label-free, 3D microscopic imaging system has been developed by a group of
Hungarian researchers led by Rdbert Szipécs, PhD, electrical engineer, laser
physicist, who received the Excellence Prize of Patents of the Hungarian Academy
of Sciences in 2011. This novel, dual wavelength, femtosecond pulse laser based
microscope system offers new opportunities in material research and investigation

of biological samples.

According to Rébert Szipdcs, who
is a senior research fellow at the
Institute for Solid State Physics and

Optics of Wigner RCP, CARS
(coherent  anti-Stokes ~ Raman
scattering) imaging has great

advantages against conventional
two-photon (2P) absorption
fluorescence microscopy, since a
CARS system can generate high
resolution 3D images without the
use of artificial fluorescent labeling.
(In a 2P imaging system, two
photon’s energy is absorbed
practically at the same time in the
sample in an approximately one
cubic micrometer volume in order to
excite fluorescence.)

Using the new imaging system, it is
possible to create 3D images
related to the specific vibrational
spectrum of single molecules. The
first step is to determine the
molecule’s infrared absorption or
Raman-spectrum.  Having  this
information, one has to set the
wavelength values of a two-color
ultrashort pulse laser system (with
two synchronized outputs, one of

them an ytterbium fiber-laser
operating at 1030 nanometer, the
other one a tunable Ti:sapphire
laser) in such a way that the two
lasers’ frequency difference (i.e.
the beating frequency) should
match the energy of the given
molecule’s certain vibrational state
(see Fig. 1).

By focusing the two laser beams
into the sample by a microscope
objective (making sure that the two
beams are parallel)) we can
measure the concentration
distribution of a specific molecule
in the 3D space. Note, that the two
laser pulses must arrive into the
sample at the same time, otherwise
they do not create the CARS signal.
That is why their relative delay must
be precisely set by a delay line. In
order to solve this problem and
synchronize the two lasers’ output,
the researchers developed a
special optical unit referred to as a
FemtoCARS  Unit.  This  unit
generates an appropriately strong
seed signal for the Ytterbium
amplifier system at 1030 nanometer
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Fig. 1 The energy diagram of the CARS
process: wp— the frequency of
Ti-sapphire laser (pump), ws — the
frequency of Yb-amplifier (Stokes),

was — the frequency of light generated
during the CARS process, Q.i,— vibration
frequency of the investigated molecule

using a properly designed photonic
crystal fiber and laser pulses from
the tunable Ti:sapphire laser.
Furthermore, the unit precisely sets
the time delay of the two pulses in
order to overlap them in time (and
space) in the sample. It also
controls the power and the
polarization states of the two beams
(see Fig. 2 and Photo 1).

Fig. 2 Layout of the complete CARS
imaging setup



Photo 1 The novel CARS imaging system comprising a tunable, pulsed
Ti:sapphire laser FemtoRose 100TUN/NoTouch (up, left, product of R&D
Ltd.,), a pulses Yb-fiber amplifier FemtoFiber (right, product of R&D Ltd), a
FemtoCARS unit (down left, product of R&D Ltd) and an LSM 7 MP laser
scanning microscope (up, right, product of Carl Zeiss, Germany)

In the first phase of the research due to light scattering and
carbon nanotubes were tested. absorption.
Later on, more complex systems,
such as biological samples we The resolution and the scanning
investigated, such as a white fat speed of the novel CARS imaging
tissue (see Fig. 3). According to system developed by the Hungarian
Rébert Szipécs, using the CARS researchers is similar to that of the
method, it is possible to diagnose conventional two-photon setups.
skin mutations (e.g., eczema or
psoriasis) and monitor them during In some of the applications in mind,
treatments. One can also monitor it is also important to detect low
saturated and unsaturated fatty concentration molecules. To this
acids that could be also important end, researchers at the Wigner
for biomedical applications. RCP developed a novel SRS
(Stimulated Raman  Scattering)
Most of the organic molecules have detector system. The mechanics
complex vibrational spectra that and electronics of the FemtoCARS
might overlap or differ at a given unit were developed by the R&D
frequency, so usually it is necessary Ultrafast Lasers Kift, while the new
to perform measurements at a few laser system and modifications of
wavelengths. It is also possible to the microscope setup were
record the full vibrational spectrum performed by researchers at the
of a given organic molecule, but this  Wigner RCP, Institute for Solid
is a time-consuming task. In 3D State Physics and Optics.
microscopy, however, there is a
physical limit as to how deep we The dual wavelength femtosecond
can penetrate the tissue (~ 1 mm) laser system with synchronized

CARS CARS-delayed CARS-detuned

outputs were first reported at the
Fiber Lasers and Applications
Congress (FILAS 2012, San
Diego) in January 2012, while the
first measurements on biological
samples using the novel CARS
system were reported to the
professional audience at the
Biomedical Imaging congress
(Biomed 2012, Miami) in May,
2012. Both meetings were
organized by the Optical Society
of America.

According to Roébert Szip6cs, the
new CARS system can be used
as an upgrade for most of the
existing  two-photon  scanning
laser microscopy systems,
independently from the type of the
tunable femtosecond Ti:sapphire
laser, because the device is
inherently synchronized to the
Ti:sapphire  laser’s  repetition
frequency. “We offer an upgrade
system to our partners and users,
which is suitable for switching to
CARS microscopy easily”
informed Robert Szipécs our
magazine, who said that their first
industrially designed CARS laser
and microscopy system will be
delivered to their business partner
in one month.

White Fig: 3 CARS-images of murine
white adipose tissue.
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