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The rigidity of neutrophilic granulocyte membrane was determined: 2.1±0.7 kPa. Scan-
ning in the contact mode did not modify cell morphology, while spectroscopy caused
nonspecific swelling reaction and a 3-fold increase in cell volume. Spectroscopy had
no effect on rigidity of neutrophilic granulocyte membrane.
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The main advantage of scanning probe microscopy
(SPM) is the possibility of real-time imaging of
native cells without using fixatives and without loss
of spatial resolution of the sample (the resolution
is comparable to that provided by electron micro-
scopy) [1]. However, the probe exerts a mechanical
impact on the sample surface. The task of the study
was to evaluate the possibility of injury or modi-
fication of neutrophilic granulocyte (NG) morpho-
logy during scanning as a result of exposure to lateral
forces from the probe and to evaluate the NG mem-
brane rigidity by SPM. Neutrophilic granulocytes were
selected as the model system due to their capacity to
high spontaneous adhesion in the presence of Ca2+.

MATERIALS AND METHODS

Neutrophilic granulocytes were isolated from donor
venous blood [2] and washed with buffered saline.
The cells in Hanks’ medium were transferred into
Petri dishes (Corning) in a concentration of 0.5×106

cell/ml. NG spontaneously adhered to the surface
over 20 min.

The morphology of NG was studied under a
scanning probe microscope Solver BioTM (NT-MDT
Co.) using silicon nitride probes with a lever ela-
sticity coefficient of 0.01 N/m and radius of the
probe tip 40 nm. The study was carried out in a
contact mode. The probe was brought to the NG
surface and the membrane was pressed with the
force of 0.4-4.0 nN. The cantilever (elastic lever to
which the probe was attached) started to percieve
the elastic resistance force from the NG membrane.
As a result, FS spectroscopy curve was recorded,
representing a relationship between applied force
and degree of the membrane depression under the
probe. The Young modulus was calculated from it
according to Herz model [3,4].

The data were analyzed using Origin 5.0 Server
software.

RESULTS

The morphology of NG during scanning remained
unchanged for a long time (60-120 min; Fig. 1).
Thus, the impact of lateral forces during scanning
in the contact mode is negligible, and hence, this
scanning method can be used for the analysis of
various substances modifying neutrophil morpho-
logy without risk of corrective effect of the probe.
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Measurements of Young modulus were at first
carried out on native NG in 25 independent ex-
periments (the cells from different donors were
taken; FS spectroscopy of each cell was carried out
at least 3 times; Young modulus value was esti-
mated as the mean of these measurements). The
rigidity of NG membranes was 2.1±0.7 kPa. Since
the impact of the probe during spectroscopy is more
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significant than during scanning, we hypothesized
that it could modify cell morphology. The reaction
of NG swelling in response to mechanical exposure
to 0.3-1.0 nN force was studied. The size of NG
increased significantly: the height increased 2-fold,
the volume 3.6 times (Fig. 2). Then we evaluated
the relationship between the increase in NG size
and membrane rigidity. In order to detect this re-

Fig. 2. Cell swelling under the effect of
mechanical pressure of the probe in FS
spectroscopy during 10 (b), 30 (c), 50 (d),
and 90 min (e). a: intact cell (control).
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Fig. 1. Images of neutrophilic granulocytes obtained by scanning probe microscopy in contact mode. a-c) scanning was carried out
every 15 min.
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lationship, spectroscopy was carried out during the
entire process of swelling.

Membrane rigidity values were within the con-
fidence interval (1.40-2.23 kPa), the differences
between them were statistically negligible.

Hence, spectroscopy significantly modified the
morphology of donor NG, but not NG membrane
rigidity. In order to evaluate the effects of different
substances on the cells, morphological and spectro-
scopic studies should be carried out in independent
experiments.
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