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The aim of investigation was morphofunctional assessment of peripheral erythrocytes in cervical cancer patients (Ib-lla stage) after
femtosecond laser radiation exposure with different energy density.

Materials and Methods. We assessed membrane cytoarchitectonics, rigidity and the parameters of “lipid peroxidation—antioxidants” system
using scanning probe microscopy and biochemistry. Femtosecond laser radiation with wavelength of 1.55 ym at dose from 0.10 to 2.7 J/cm?
was used.

Results. Femtosecond laser radiation in donors’ erythrocytes at specified doses was found to have no effect on the parameters of “lipid
peroxidation—antioxidants” system, but dose-dependently it causes their reversible (echinocytes) and irreversible (spherocytes) transformation
on the background of membrane rigidity increase. Malondialdehyde level in unchanged activity of antioxidant system enzymes increases
significantly in erythrocytes of cervical cancer at Ib-lla stage under exposure dose of 0.96-2.7 J/cm? that can indicate an oxidative stress

formation. In this respect, these doses of femtosecond laser radiation are not recommended for Ib—lla stage cervical cancer patients.
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Annually, more than 14 000 cases of cervical cancer
(CC) are registered in Russia. Over 150 thousand women
are being followed up after CC treatment, more than
6 000 women dying of it every year. CC morbidity rate is
clearly seen to increase substantially in young women at
the age of 20 to 45 years old [1]. The existing conservative
methods of CC treatment are not very effective, while
surgical ones (cryodestruction, electroconization, dia-
thermocoagulation), giving rather a high percent of
positive results and being widely used now, have,
unfortunately, a number of essential drawbacks. The
possibility of applying lasers for eliminating tumor cells is
shown in several clinical and experimental works [2—4].
Coagulation necrosis, thermodestruction and evaporation
of the tumor tissue are reached by using high-energy
lasers with a great power radiation. Femtosecond laser
radiation is also used for photodynamic tumor therapy.

In this case, tumor cells are labeled with nanoparticles,
gold nanorods in particular [5-71].

Femtosecond lasers are an ideal instrument for
controlling processes in biological systems. Short
pulse duration (about 100-10-® s), a high peak (6 kW)
and low mean (1.25 mW) power, a high time and
space coherence suggest absence of marked thermal
effects. Cancer cell death by apoptosis-like mechanism,
excluding the development of chain radical toxic
reactions, is considered to be possible [4, 8].

The above-mentioned characteristics enable rese-
archers to apply femtosecond laser radiation (FSLI) in the
preoperational period of treating large malignant tumors
with a considerable decrease of radiation load on the
patient and the potential of the tumor to metastasizing.
However, destruction of the cancer cells by this way may
cause the development of toxic reactions at the organism
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level [8-10]. From this point of view, the study of FSLI
application in CC (Ib—lla stage), when surgical treatment
is used, may be of interest.

The aim of investigation was to assess
morphofunctional  condition of peripheral blood
erythrocytes in the cervical cancer patients at Ib-lla
stage of the disease after femtosecond laser radiation
exposure with different energy-flux density.

Materials and Methods. The objects of investigation
were erythrocytes of peripheral blood from donors and
CC patients, undergone examination in the Gynecological
Department of Ulyanovsk Regional Clinical Oncologic
Dispensary, and which had Ib-lla stage of the disease
according to FIGO (locally-limited process).

The investigation was carried out according to Helsinki
Declaration (adopted in June 1964 (Helsinki, Finland)
and revised in October 2000 (Edinburgh, Scotland)). All
patients gave written informed consent for the scientific
analysis of their data.

Radiation of erythrocytes was performed in plastic
cuvettes with femtosecond laser, which is a joint
development of the Scientific Center of Fiber Optics of
the Russian Academy of Sciences and Ulyanovsk State
University (pulse duration — 100 fs; mean power —
1.25 mW; peak power — 6 kW). Four different time
modes (1, 3, 5, 10 min) were used at a distance of 3 and
5 cm during radiation. The radiation doses applied were
0.10; 0.27; 0.29; 0.48; 0.81; 0.97; 1.35; 2,7 J/cm2.

To assess the topography and rigidity of erythrocytes
a scanning probe microscope SolverProNT-MDT
(Zelenograd, Russia) and original silicon probes with
rigidity 0.20 N/m were used. Probe point curving radius
was about 50 nm.

To estimate the values of “lipid peroxidation—
antioxidants” system (LP—AO) in erythrocytes the level
of malondialdehyde (MDA) in the test with thiobarbituric
acid was determined, as well as enzyme activity
of antioxidant protection system (APS): catalase,
glutathione-S-transferase (GT), superoxide dismutase
(SOD).

Statistical significance of the results obtained was
assessed using nonparametric Mann—Whitny criterion.
Differences between the groups were considered
significant at p<0.05.

Results and Discussion. The investigation
performed showed, that MDA level — a secondary
product of LP — in erythrocytes of CC patients was
essentially and significantly higher compared to its level
in donors. After FSLI, statistically significant increase
of MDA level was observed at exposure doses of 0.96;
1.35 and 2.70 J/cm? (Table 1).

When analyzing antioxidant enzyme activity, it
was determined, that catalase activity reduced in
erythrocytes of CC patients with Ib-lla stage of the
disease in comparison with the donors, grew statistically
significantly under the effect of FSLI at irradiation doses
of 0.27 and 0.29 J/cm? and decreased at 0.80 J/cm?2.
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And if simultaneous elevation of MDA level and enzyme
activity of APS may testify to the transition of LP-AO
system to a higher level of functioning, differently-
directed dynamics of these parameters speaks about
the possibility of oxidative stress development [11]. GT
activity did not change significantly in erythrocytes of CC
patients with Ib—lla stage after all radiation doses, while
SOD activity appeared to be significantly elevated after
all FSLI doses studied, except for the dose of 0.80 J/cm?
(See Table 1).

Since 1990-s a scanning probe microscopy (SPM)
technique has been actively used in biomedical
investigations, enabling the scientists to study cell
parameters without long and complicated fixation, and
therefore, with minimum distortion of the information
obtained. The SPM technique makes it possible to
measure local resilient properties of cell surfaces. In
the works of L.V. Korsi et al. [12] it is shown, that when
erythrocytes are irradiated by semiconductor lasers,
dye lasers and solid titanium-sapphire laser in different
spectral ranges, deformity of erythrocytes is of resonance
character depending on the bands of molecular oxygen
absorption spectrum under a high pressure.

Changes of donor erythrocyte cytoarchitectonics
after FSLI have been studied by us previously [13].
While scanning the samples of intact erythrocytes by
the SPM technique, normocytes were mainly revealed.
After FSLI exposure with energy-flow density 0.29 J/cm?,
cytoarchitectonics of erythrocytes is changed. Reversibly
deformed forms — echinocytes — appear on the scan.
In the physiological conditions their appearance is
associated with the changes of ion permeability of the
membrane with the impairment of channel work. At the
doses of 0.80 and 0.96 J/cm? spherocytes appear, that is
clearly seen on the 3D image. Practically all erythrocytes
on the scanned samples exposed to the doses of 1.35
and 2.70 J/cm? are spherocytes. They may be of irregular
forms with altered linear dimensions.

In the course of investigation of erythrocyte
architectonics of CC patients with Ib-lla stage of the
disease transformed forms are found. And transformation
index (the ratio of transformed forms to discocyte
number) in these patients is 2.013+0.009 (in donors —
0.126+0.012). Thus, CC patients have a decreased
content of discocytes and an elevated number of
reversibly (echinocytes) and irreversibly (spherocytes)
transformed erythrocytes. The rise of the transformation
index in CC is the result of erythrocyte increase with
the extension of echinocytic row (2™ and 3 classes),
and also because of the growth of erythrocytes with
the irreversibly transformed forms, stomatocytes, in
particular (6" class), and erythrocytes in the form of
“deflated ball” (9" class) (Fig. 1).

Erythrocyte damage is known to augment oxidative
stress [14], as transformed erythrocytes became a
source of free iron (nonprotein-bound iron), which is
an active oxidizing agent and is able to generate active
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Table 1

MDA level and APS enzyme activity in donors’ erythrocytes (n=20) and CC patients (n=24) after different FSLI doses in vitro (Mzm)

FSLI doses, J/cm?

0.10 0.27 0.29 048 0.80 0.96 1.35 2.70

Control

Values

Donors CC Ib-lla Donors CCIb-lla Donors CC lb-lla Donors CCIb-lla Donors CC lb-lla Donors CCIb-lla Donors CClb-lla Donors CC Ib-lla Donors CC Ib-lla

0.149+
0.015

0.162+ 0.140+ 0.149+ 0.126+ 0.155+ 0121+ 0.145+ 0.140+ 0.147+ 0.136+ 0.157+ 0126+ 0152+ 0.126+ 0.147+ 0.136+
0.032  0.020 0.025 0.019  0.025 0.017  0.017  0.019 0.018

0.018

0.131x

GT, mmol/min/L

0.018

0.017

0.021

0.047

0.020

0.026

0.015

1.550+
0.107*

0.852+ 1.480+ 0.822+ 1.350+ 0.511+ 1.250+ 0.651+ 1.620+ 0.548+ 0.863+ 0.734+ 1.850+ 0.780+ 1.560+ 0.741+
0.103* 0.084* 0.046* 0.194  0.089* 0.094 0239 0.136* 0.072*  0.143

0.140

0.773+
0.096
0.084+
0.007

0.827+

SOD, standard unit
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0.216

0.200

0.206

0.233

0.121

0.092+
0.021

0.122+ 0.112+ 0.092+ 0.130+ 0.087+ 0.132+ 0.090+ 0.073+ 0.101+ 0.060+ 0.075+ 0.105+ 0.094+ 0.077+ 0.082+
0.031 0.031 0.035* 0.017 0.035* 0.015 0.009* 0.013  0.013 0.015

0.116+

Catalase, mmol/min/L

0.013

0.011

0.009

0.013

0.010

0.026

450.64+ 513.90+

44.09

868.50+ 510.30+ 866.20+

469.70+ 784.10+ 486.90+

655.30+

933.50+ 503.90+ 580.50+ 429.10+

485.60+ 509.00+ 580.50+ 490.60+
47.31

446.60=

MDA, pumol/L

55.27

80.26

38.81

31.05 3678 4725 2145 60.82 23.03 4491 2866 3780 1845  59.38

24.27

28.75

* — statistically significant difference of the values with control, p<0.05.

1.6
30

Fig. 1. 3D image (a) and lateral section of erythrocyte profile (b) at
Ib—lla stage of cervical cancer

Table 2

Morphological forms of erythrocytes in donors
and CC patients (Mxm)

coucytopes VIOV e
at Ib-lla stage (n=29)
Discocytes, % 88.6+0.9 37.0£1.3
Echinocytes, % 4.2+0.4 16.8+0.7
Spherocytes, % 7.3+0.3 41.3+0.9
Others (destructive), % 0.8+0.1 5.7+0.4

forms of oxygen. Essential changes of erythrocytes in
comparison with donors (Table 2) were estimated in CC
patients with Ib—lla stage of the disease after different
doses of FSLI in the course of studies of erythrocyte
architectonics. After FSLI, the number of altered forms
grows with the dose increase (Fig. 2, 3).

The conducted investigations showed, that FSLI
effects the rigidity of erythrocyte membranes (Fig. 4),
which are a very convenient object for studying oxidative
stress action on cell membranes [15]. At Ib—Ila stage of
CC it results in the increase of erythrocyte membrane
rigidity under the exposure to all the doses studied,
except for the dose of 0.96 J/cm?. While irradiation of
donors’ erythrocytes at energy-flow densities of 1.35
and 2.7 Jlcm? causes reduction of membrane rigidity
(See Fig. 4).

Thus, in patients with CC (Ib-lla stage) at FSLI doses
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Fig. 2. 3D image (a) and lateral section of erythrocyte profile (b) at Ib—lla stage of cervical cancer after the
exposure to femtosecond laser radiation with the dose of 0.96 J/cm?
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Fig. 3. 3D image (a) and lateral section of erythrocyte profile (b) at Ib-lla stage of cervical cancer after the
exposure to femtosecond laser radiation with the dose of 1.35 J/cm?
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Fig. 4. Erythrocyte membrane rigidity of the donors and patients
with cervical cancer at Ib-lla stage after the exposure to
femtosecond laser radiation in vitro; * — data significantly differ
from the values of the control group (p<0.05)

of 0.96-2.7 J/cm? an oxidative stress may occur in
case of no significant changes in cytoarchitectonics of
erythrocytes.

Conclusion. Femtosecond laser radiation at specified
doses of 0.10-2.7 J/cm? in donors’ erythrocytes does

Femtosecond Laser Radiation Effect on Erythrocytes of Oncological Patients

not influence the parameters of “lipid peroxidation—
antioxidants” system, but dose-dependently causes their
reversible (echinocytes) and irreversible (spherocytes)
transformation together with the increase of membrane
rigidity. In erythrocytes of patients having cervical
cancer at Ib—lla stage the level of malondialdehyde rises
significantly at the radiation doses of 0.96-2.7 J/cm?
under unchanged enzyme activity of the antioxidant
system, that may speak of the development of an
oxidative stress.
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