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Second-harmonic generation (SHG) microscopy is a label-free imaging method that can be used to visualize
the detailed arrangement of collagen structures in biological tissues. Here, we sought to optimize the speed of mi-
croscopic SHG image acquisition of macroscopic fixed tissue sample areas by employing the wide-field imaging
with a high power and medium, 1 MHz pulse repetition frequency laser in combination with a mechanical sample
scanning. Unlike in the conventional laser-scanning microscopy, the optimum of the wide-field acquisition entails
an interplay between the size of the illuminated area and the intensity of the generated signal. We delineate quantita-
tive procedures to set the image parameters for the maximum speed of the tiled image acquisition, and also describe
the possible optimization of the laser parameters for further enhancement of the speed of acquisition.
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1. Introduction

Second-harmonic generation (SHG) is a second-
order nonlinear optical process, where two pho-
tons of equal energy are scattered by the material
and combined into one photon of twice the en-
ergy. Because the nonlinear susceptibility associ-
ated with this process is non-zero in ordered and
non-centrosymmetric structures, SH is gener-
ated in anisotropic crystals, at interfaces, or where
the symmetry is broken by an electric field. From
biological materials, the most efficient SH har-
monophores are collagen, myosin and microtu-
bulin fibrils, in the order of decreasing efficiency
of generation. The SHG phenomenon was dem-
onstrated in the 1960s [EI], the possibility of its ap-

plication for imaging was envisaged in the 1970s
[], and the first instance of SHG imaging of bio-
logical tissue was realized in the 1980s [é]. Since
then, the SHG imaging has undergone significant
development and is now one of the major tech-
niques for the microscopic label-free visualization
of such biological material as collagen fibrils/fibers
in the extracellular matrix [H]. Due to the under-
lying physical principles, the SHG signal is highly
sensitive to the particulars of the collagen struc-
tural arrangement [H]. And this is the reason SHG
imaging has found its place in the biological and
tissue engineering research [H] and in the study of
various biomedical problems, such as cancer, fi-
brosis and connective tissue disorders that are as-
sociated with collagen changes [ﬂ].
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Since SHG is the nonlinear optical process, it is
most conveniently invoked by using a femtosec-
ond laser source. The conventional way to arrange
for the SHG imaging is to tightly focus the laser
light into the sample with an objective, raster scan
the focal volume over an area in the sample, and
reconstruct an image by associating the intensity
of the generated SH signal detected by a point de-
tector with the position of illumination volume in
the sample [E]. The rate of such an acquisition is,
however, limited by the speed of laser-scanning,
the efficiency of SHG in the sample, and the fact
that it uses a single point detector to probe the sig-
nal intensity at different positions in the sample.
A simpler, because it is scanning less and poten-
tially faster, is the recently emerged alternative of
the wide-field SHG imaging, where a relatively
large sample area is illuminated at a time, and
the resulting image is projected onto a two-dimen-
sional detector, such as CCD or CMOS, thereby
effectively exploiting the detection with a number
of point detectors (detector pixels) in parallel [E].
There is an ongoing discussion as to the optimal
conditions for the SHG imaging regarding the laser
pulse repetition frequency and the corresponding
laser pulse energy that translates in the illumina-
tion fluence on the sample. Roke et al. showed that
using a medium pulse repetition rate of 200 kHz
in the wide-field offers a potential of higher signal
throughput at lower illumination fluences com-
pared to the laser-scanning with high or wide-field
with a low pulse repetition rate [@. On the other
hand, where only very low fluences can be tolerat-
ed, such as for the imaging of muscle contractility,
Barzda et al. demonstrated that it is beneficial to
use a high power and high, 60 MHz pulse repeti-
tion rate laser []. Here, we report on the wide-
field SHG imaging with yet another emphasis of
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fast imaging of large areas of fixed tissue samples.
For that, similarly to [], we use a medium repeti-
tion rate and relatively high pulse energy laser. We
start by considering the laser parameters required
for the wide-field imaging to be advantageous
compared to the laser-scanning. Then, we evaluate
the maximum size of the SHG image of desired in-
tensity that can be acquired with our laser within
the chosen integration time. Afterwards, we ex-
plore what the optimal image size is with the cor-
responding integration time for the fastest imaging
of large sample areas with the aid of mechanical
XY scanning. Finally, we delineate the possible
laser parameter adjustment to further increase
the speed of acquisition. With this, we demonstrate
that an SHG scan of 1 cm? of an exemplary mouse
skin sample rich in collagen content could be ac-
complished in under 5 min.

2. Materials and methods

2.1. Wide-field SHG microscope

The wide-field SHG imaging was performed with
a custom-built instrument based on a modular mi-
croscope from ASI (Applied Scientific Instruments)
(Fig. EI). To collect a larger fraction of the SH signal
that is preferentially generated in the direction of la-
ser beam propagation, we exploited the scheme of
forward detection: the laser beam was delivered to
the sample by an illumination objective Narishige
M 10/0.25 210/0 (or Olympus UPlanFL N 40x/0.75),
and the resulting SH signal was collected with a de-
tection objective Olympus PlanC N 10x/0.25. Both
objectives were mounted on linear translation stages
(LS50, ASI) and the instrument was equipped with
a flat-top DC motor stage (5551-2201B, ASI) for
the XY sample scanning.
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Tube lens
Sample

Lens Filters

DM
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Fig. 1. The principal scheme of the optical setup.
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The laser source was a FemtoLux3 fibre laser from
Ekspla. The laser wavelength was 1030 nm. The pulse
duration could be adjusted from 262 fs to 4.57 ps
and was set to the shortest 262 fs. The maximum av-
erage laser power was 3 W. The oscillator frequency
could be adjusted within 5.44-1 MHz interval cor-
responding to the pulse energy of 0.55-3 yJ. In our
experiments, it was set to the possible maximum of
3 yJ. The pulse repetition frequency could be adjust-
ed with a pulse picker from 10 kHz-1 MHz.

The laser beam could be expanded with an
adjustable beam expander (VEX18, Optogama)
from 1 to 8x. It was further compressed 2x along
the horizontal direction with a telescope consist-
ing of two cylindrical lenses (LJ1695L1-B and
LJ1567L1-B, Thorlabs) to precompensate the ellip-
ticity of the beam cross-section after the reflection
from the diffraction grating.

The optical layout contained the simplest scheme
of temporal focusing (TF) [@]: the expanded laser
beam was diffracted by an 830 grooves/mm dif-
fraction grating (46-080, Edmund Optics), and fo-
cused by a 250 mm focal distance achromatic dou-
blet (AC508-250-B, Thorlabs) onto the back focal
plane of the illumination objective. The incidence
angle was adjusted to 58° so that the laser beam
was diffracted perpendicularly to the plane of the
diffraction grating. The distance from the grating
to the focusing lens and from the focusing lens to
the back focal plane of the objective was adjusted to
equal the focal distance of the focusing lens.

The scheme of the temporal focusing was intro-
duced since after the diffraction grating the laser
pulse is stretched in duration everywhere along
the optical train except for the focal plane of the il-
lumination objective. This then allows the possibil-
ity to deliver the full laser power with the maximal
pulse energy to the sample without the ensuing
damage to the optical elements that could not be
avoided with a straightforward wide-field illumina-
tion. At the same time, with a low numerical aper-
ture (NA) Narishige objective the full width at half
maximum (FWHM) of the profile of the nonlin-
ear excitation efficiency along the optical axis was
810 um. The optical sectioning was thus virtually
non-existent, but that was inconsequential as in
our case the samples were thin tissue sections.

The polarisation of the laser was rotated with
the half-wave plate so that the grating diffracted
the maximum of the laser light intensity.

After the detection objective, the SH sig-
nal was reflected by a high-pass dichroic mirror
(T900LPXXRXT, Chroma) transmitting most of
the laser light. The signal was further filtered off
the reflected/scattered laser light with a low-pass
dielectric filter (ET750SP-2p8, Chroma) and the SH
signal was separated with a band-pass dielectric fil-
ter (FF01-513/13-25, Semrock). The image was pro-
jected with a Nikon tube lens (TN200-MMC, ASI)
onto the Andor Neo 5.5 sCMOS detector.

2.2. Measurement of the TF profile

The TF profile or the dependence of the efficiency of
two-photon absorption on the distance from the fo-
cal plane of the illumination objective was measured
on a sample of a dyed polymer film by translating
the illumination objective relative to the sample, ac-
quiring fluorescence images at different positions,
and then calculating the total fluorescence intensity
depending on the objective focus—sample distance.

2.3. Dyed polymer film

~300 nm thick poly(vinyl butyral-co-vinyl alco-
hol-co-vinyl acetate) (PVB) polymer film doped
with low, 0.5% wt/wt concentration of 2-[2-iso-
propyl-6-[2-(1,1,7,7-tetramethyl-2,3,6,7-tetrahy-
dro-1H,5H-pyrido[3,2,1-ij]quinoline-9-yl)pyran-
4-ylidene]-malononitrile (DCM) dye was prepared
by spin-coating of 10 mg/mL PVB (MW ~80000)
chloroform solution on a glass substrate for 5 s at
500 rpm and for 30 s at 1000 rpm.

2.4. Mouse skin samples

Experiments were performed on female C57BL/6
mice (8-10 weeks, 20-25 g). The mice were kept
under standard housing conditions with unlimited
food and water access. The mice were maintained
in the animal facility of the State Research Institute
Centre for Innovative Medicine. The use of animals
in this study was in accordance with the Directive
2010/63/EU of the European Parliament and of
the Council of 22 September 2010 on the protection
of animals used for scientific purposes. The study
was approved by the Lithuanian Laboratory Animal
Use Ethical Committee under the State Food and
Veterinary Service (No G2-113). For the experi-
ment, the dorsal mouse skin of an animal with in-
duced psoriasis-like skin inflammation was used.
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The dorsal skin of mice was shaved using an
electric shaver, and the remaining hair were com-
pletely removed with depilatory cream one day
before the first Aldara (Meda AB, Sweden) cream
treatment. 62.5 mg of Aldara cream (containing
5% imiquimod) was applied on the shaved back
skin of C57BL/6 mouse on each day of the 6-day
experiment []. Once the signs of psoriasis were
achieved, the mice were sacrificed using cervical
dislocation and the treated dorsal skin was collect-
ed for further analysis.

Excised dorsal skin tissue samples were formalin-
fixed (10%), embedded in paraffin, and 5 ym sec-
tions were cut and stained with hematoxylin-eosin
(H&E) according to the standard protocol [].

3. Results and discussion

3.1. Considerations for the imaging time in the wide-
field compared to the laser-scanning

The number of SH photons generated per unit time
from a unit area can be expressed as

2
NZk‘Zz[ij - f, (1)
ST
where k is the proportionality coefficient, y is
the second-order effective surface susceptibility, E
is the laser pulse energy, S is the illuminated area,
7 is the laser pulse duration, and fis the laser pulse
repetition frequency [, ].
Then the pixel intensity (in the number of pho-
tons) is
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where ¢ is the integration time (of the whole image
in the wide-field, and a single pixel with the laser-
scanning), and § is the pixel area.

The integration time required for the acquisi-
tion of an image of a certain intensity (number of
photons from a pixel) is then

B
t= E2
k-l — |t fS
z(ST) /S,
_B-S*z 1 _B:St f

kxS, P-E kg8 p )

where P = E - fis the average laser power. The im-
age acquisition time in the wide-field simply equals
the integration time T =, , whereas the image ac-
quisition time with the laser-scanning, disregarding
the time overhead associated with the galvanomet-
ric mirror inertia, is equal to the pixel integration
time times the number of pixels T = £.- S, /S , where
S, is the imaged area. For the scanning § = § , and
the wide-field S = §_. Assuming the same pixel size
and the same size of the imaged area in the wide-
field and laser-scanning applications, using Eq. (1)
it is straightforward to derive the ratio of the ac-
quisition times of images of the same intensity in
the two modes,
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where s subscript denotes the laser-scanning, wf
is the wide-field, T is the image acquisition time,
n =S, /S, is the number of pixels in an image, and
® = E/S is the illumination fluence.

Laser-scanning imaging is normally performed
with relatively low pulse energy at high pulse rep-
etition frequency. Typical values are 0.1 nJ and
90 MHz, respectively [16]. In our wide-field setup,
we employ a FemtoLux3 laser from Ekspla featur-
ing 3 uJ of pulse energy at 1 MHz pulse repetition
frequency. Assuming for simplicity equal pulse du-
rations, inserting these values together with a typi-
cal image size of 512 x 512 pixels yields 40x ad-
vantage of the wide-field versus laser-scanning in
terms of the speed of image acquisition.

From Eq. (4) it follows that given a certain aver-
age laser power in the wide-field, increasing the la-
ser pulse energy increases the ratio of acquisition
times with the laser-scanning and in the wide-field.
On the other hand, increasing pulse repetition fre-
quency decreases the time ratio. Therefore, having
a choice, to shorten the time required for the wide-
field acquisition, the laser pulse energy should be
increased at the expense of the pulse repetition fre-
quency. And the expected advantage of the wide-
field compared to the laser-scanning in our case
is possible due to a relatively high pulse energy of
FemtoLux3. At the same time, the excitation fluence
(laser pulse energy per unit area), the parameter
determining the possible damage to the biological
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material, in this example is lower in the wide-field
than in the laser-scanning: for a rough estimate
assuming a square pixel of 0.5 x 0.5 ym?* in both
modes, the fluence in the laser-scanning is 40 mJ/
cm?, whereas in the wide-field it is only 5 mJ/cm?®.
The faster image acquisition in the wide-field is
possible even with a lower excitation fluence due
to the fact that the image is detected effectively
with many point detectors in parallel compared to
a single point detector in the case of laser-scanning.
Thus generating a weaker signal can be compen-
sated by a longer integration time that, however, is
still shorter than the image acquisition time with
the laser-scanning.

The speed advantage of the wide-field in the lim-
it of excitation fluence being the same as for the la-
ser-scanning, assuming for simplicity equal pulse
durations, becomes

I _Ba 5)
wa [:

If the pulse energy of FemtoLux3 were yet 8
times larger, the fluences would be the same in both
modes. Then inserting, for illustration, the values
of P =3 W (the average power of FemtoLux3)
and P, = 10 mW [@] would yield T /T . = 300,
which further emphasizes the possible advantage
of the wide-field acquisition compared to the laser-
scanning.

3.2. Maximal single SHG image size

Considering the sample area that can be imaged
with the available laser parameters, from Eq. (2) it
can be expressed as

k k1S, p
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It is obvious that given a certain average power,
the size of the SH image of the desired intensity
generated within a chosen integration time is in-
creased by increasing the laser pulse energy, and is
decreased by increasing the laser pulse repetition
trequency. Therefore, once again, as in the argu-
ment of the wide-field advantage over the laser-
scanning, having a choice, higher laser pulse energy
should be favoured over the repetition frequency in
order to generate larger SH images. In the follow-
ing, we delineate the procedure to experimentally
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determine the actual image size attainable with
the available laser parameters.

We started with a 4x expanded laser beam,
a 250 mm focal length focusing lens and a 40x
Olympus (4.5 mm focal distance) illumination
objective. With this, the 1/e* diameter of the fluo-
rescence image of DCM in the polymer film (see
Materials and methods) was 148 px. With a 10x
Olympus (18 mm focal distance) detection objec-
tive in combination with a 200 mm focal distance
tube lens the image to object transfer coeflicient
was 1.71 px/pm, meaning that we could illuminate
aspotwith adiameter of 87 ym. A square fitting into
the circle of this diameter would be 105 px/61 ym
large. Next, we performed a scan of 1 mm? of
the mouse skin sample with 10 kHz pulse picker
repetition rate (0.01 of the maximum average pow-
er) and 0.1 s integration time (data not shown).
This particular psoriatic mouse skin preparation
(see Materials and methods) was chosen since it
contains high collagen concentration and is thus
a convenient model sample for the SHG imaging.
Following the procedure of the standard fixed tis-
sue sample preparation, it was H&E-stained even
though the extraneous dyes did not contribute
to the SHG signal. The average intensity of 1% of
the most intense pixels in the obtained image was
4.8 x 10°. Since the SH signal intensity is propor-
tional to the pulse repetition frequency, the aver-
age intensity with the full laser power - 1 W at
the sample — would be 4.8 x 10°. Then, it follows
from Eq. (2) that with the same integration time,
an image of the arbitrarily chosen average inten-
sity of 1000 (30 dB signal to noise ratio (SNR))
should be possible to acquire from an illuminated
area of (4.8 x 10°/1000)"* = 4.7 times larger size.
To illuminate the sample area this large, possible
additional expansion of the laser beam (from 4 to
8) would not be sufficient and thus we opted for
a smaller, 10x magnification Narishige objective
for illumination. Since the Narishige objective was
1.7 times more transmissive to the laser light than
the 40x Olympus objective, the delivered pulse
energy was 1.7 times higher and the illuminated
area size could be another 1.7" = 1.3 times larger.
In total, an image of 1000 average intensity with
0.1 s integration time should be possible to obtain
from a sample area of 6.1 times larger size than
the initial 61 ym and equal to 372 ym. Conversely,
with the full laser power through the Narishige
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objective — 1.7 W at the sample — an image 61 ym
large and of 1000 average intensity should be pos-
sible to record in as little as 0.1 s/(4.8 x 10°/1000)/1.
72=72x107s.

3.3. Imaging of large sample areas

The ultimate goal of this work was the fastest pos-
sible imaging with acceptable signal levels of mac-
roscopic sample areas with microscopic resolution.
Sample areas with linear dimensions of tens of mil-
limetres were imaged by mechanical XY scanning
and then tiling of the obtained images. The total ac-
quisition time in such a measurement is the sum of
the scanning time and the camera integration time
that in turn is the product of the number of images
and the integration time of a single image. From
Eq. (3), if a single image of a chosen intensity of size
x, is acquired with the integration time ¢, an image
of the same intensity of size x, can be recorded with
the integration time ¢, = ¢ (x,/x,)*. Then, the total
acquisition time of a tiled image of a chosen inten-
sity, depending on the size of a single image, can be
expressed as

2

T =T+ 8 —t, (7)

0
where T is the scanning time, S, is the total tiled
image area, x is the size of a single image, and x, is
the size of a single image with the integration time ¢,.

The available laser pulse energy can be used
to generate SH signal from a relatively large sam-
ple area thus yielding a single large image, albeit
at the cost of less signal intensity and, as a result,
the need for a longer integration time to obtain an
image of the desired intensity. A single large image,
however, means fewer scanning steps and thus less
time required to scan a chosen sample area. Con-
centrating the laser illumination over a relatively
small sample area reverses the ratio of the required
integration and scanning times. Therefore, there
should exist an optimal single image size resulting
in minimum total acquisition time.

To find the conditions for the shortest acquisi-
tion time, first, we optimized the scanning speed
by setting the XY stage parameters governing its
movement to the extreme values: speed 6.5 mm/s,
acceleration within 20 ms, positioning precision
500 nm (corresponding to about 1 px in an image)
and backlash 0. Then, the scanning time depend-

ence T (x) on the single image size was obtained
by scanning an area of 3 x 3 mm? at a number of
single image sizes, calculating the time required on
average to scan 1 mm?, and interpolating the ob-
tained times at intermediate values of the sin-
gle image size. The resulting curve is shown in
Fig. (a). For the image of x, = 105 px and 1000
intensity, the £, = 7.2 x 107> s was obtained as ex-
plained in the previous section. With this, the to-
tal integration time and the total acquisition time
depending on the image size were calculated using
Eq. (5) and are also shown in Fig. @(a). It appears
that the minimum of the total acquisition time is
obtained with the image size from 650-850 px or
the corresponding imaged sample area from 380-
500 ym. Thus, the 7-fold increase of the 105 px
image to 735 px (430 ym in the sample), achiev-
able with the 6x laser beam expansion and the 10x
Narishige objective (focal distance 21 mm), would
fall into the optimal range. The corresponding re-
quired integration time of a single image would
be 0.17 s. With these settings, for demonstration,
we scanned a 15 x 5 mm? area of the mouse skin
sample. An example of a single image from a sam-
ple area rich with collagen is presented in Fig. H
The tiled image of the whole scan is presented in
Fig. @ As expected, the average intensity of the im-
age was ~1000. The total acquisition time was
~200 s. Extrapolating this, 1 cm?* could be imaged
in less than 5 min.

Considering the speed of acquisition of a tiled
image, the choice of the laser parameters affects ¢, in
Eq. (7). According to Eq. (3), given certain average
laser power, if a single image of a chosen intensity is
acquired with the integration time ¢ with the pulse
energy E , then with the pulse energy E, an image of
the same intensity is recorded within the integration
time ¢, = ¢, - E /E,. Having this in mind, we calcu-
lated the T (x) dependences for different values of E
(Fig. (b)): increasing the pulse energy reduces £, thus
lowering the parabolic curve of the total integration
time, and as a consequence, lowering the value and
shifting the position of the minimum of the curve
of total acquisition time towards larger values of
the image size. Conversely, increasing the pulse
repetition frequency at the expense of the pulse
energy would increase the £, and thus have the op-
posite effect on the T(x) dependence. From these
dependences, we built the dependence of the mini-
mum T, on E, together with the dependence on E of
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Fig. 2. (a) Dependences on the image size of the scanning time (measured), the to-
tal camera integration time (calculated), and the total acquisition time required to
acquire an image of 1000 average intensity of an area of 1 mm? (b) dependences of
the total acquisition time on the image size at different values of the laser pulse en-
ergy; (c) dependence of the minimum total acquisition time on the laser pulse energy;
(d) dependence on the laser pulse energy of the illumination fluence corresponding to
the minima of the total acquisition time in (c).

Fig. 3. A single image of 430 x 430 ym?
area of a mouse skin sample. The inte-
gration time was 0.17 s. The pseudo-
colour intensity range is 100-500.

the corresponding fluence (Fig. @(c, d)). The to-
tal acquisition time decreases with increas-
ing the laser pulse energy, and this depend-
ence is close to the power dependence with
the power coeflicient of -0.5. The opposite
is the direction of the dependence on the pulse ener-
gy of the illumination fluence. At the same time, with
1.7 u] of the pulse energy at the sample in our mea-
surement, the fluence is less than 1 mJ/cm?, which is
well below the known damaging thresholds for dif-
ferent kinds of live cells [] and even more so
in the case of the tissue samples, where maintaining
the cell vivacity is not an issue. In fact, the mouse skin
sample did not exhibit any signs of degradation even
with ~50x higher fluence in the initial measurement
for the maximum image size with only a 4x expand-
ed laser beam and a 40x magnification illumination
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Fig. 4. The tiled image of a 15 X 5 mm?® scan of a mouse skin sample. The integration
time was 0.17 s. The pseudo-colour intensity range is 100-500.

objective. Therefore, in order to further increase
the speed of the tiled image acquisition, the laser
pulse energy could be augmented up to a few orders
of magnitude higher illumination fluence.

4. Conclusions

We have built a wide-field SHG imaging micro-
scope based on a high power, high pulse energy, me-
dium pulse repetition rate laser. We demonstrated
that having a choice of the laser parameters, larger
single image and faster tiled image acquisition can
be achieved by favouring higher laser pulse energy
over higher pulse repetition frequency. We pro-
posed quantitative procedures to obtain an image
of the desired intensity of the maximum size and to
perform a tiled image scan in the least of time. In
our setup, we employed a FemtoLux3 laser featur-
ing 3 W of average power and 3 yJ of pulse energy.
With that and in combination with the mechanical
XY scanning, we were able to acquire a SHG image
of 1 cm? area of a mouse skin sample with 30 dB
SNR in under 5 min.
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PLATAUS LAUKO ANTROSIOS HARMONIKOS GENERAVIMO MIKROSKOPO
OPTIMIZAVIMAS GREITAM DIDELIU BIOLOGINIU
AUDINIU PLOTU VAIZDINIMUI
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Santrauka

Antrosios harmonikos generavimo (AHG) mikros-
kopija yra papildomy Zymiy nereikalaujantis vaizdi-
nimo metodas, kurj naudojant jmanoma atvaizduoti
detaly kolageno dariniy i$sidéstyma biologiniuose
bandiniuose. Siame darbe optimizuota makroskopiniy
fiksuoto audinio bandiniy ploty mikroskopiniy AHG
vaizdy registravimo sparta naudojant plataus lauko
vaizdinima su didelés galios ir vidutinio, 1 MHz im-
pulso pasikartojimo daznio, lazeriu bei mechaniniu

bandinio skenavimu. Skirtingai nei jprastos skenuo-
jancios mikroskopijos atveju, plataus lauko vaizdinimo
optimumga lemia ap$vie¢iamo bandinio ploto dydzio ir
generuojamo signalo intensyvumo kombinacija. Dar-
be apra§omos kiekybinés procediiros parenkant vaizdo
parametrus maksimaliai sudurtinio vaizdo registra-
vimo spartai. Taip pat apibiidinamas galimas lazerio
parametry optimizavimas siekiant tolesnio tos spartos
padinimo.
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