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Abstract. Correlation microscopy is an invaluable tool for studying the functional and structural features of individual
cells. Here we present an approach for the cultivation of primary hippocampal cultures grown on a special substrate that
allows drawing a convenient coordinate grid. The metabolic activity and immunocytochemical labeling of neurons were

estimated, as well as the patch-clamp method and ultrastructural analysis.

Introduction

Correlation microscopy methods take a lead-
ing position in cell biology and are of great
practical importance However these micro-
scopic systems too expensive as commercial
glass and Petri dishes with a grid. At the same
time, functional imaging is considered an es-
sential research tool for biologists. The ability
to combine studies on a single cell with the ef-
fect of any substances, the search for certain
types of neurons or glial cells is only on living
objects. Nonetheless to study the cause of cer-
tain reactions complex approach is needed. If
you visualize the receptors on these cells or
check the condition of the organelles, it will be-
come possible to find out the cause of a partic-
ular reaction. With the help of an appropriate
coordinate grid, it’s possible to perform even
single-cell genetic studies. Electrophysiologi-
cal studies revealing membrane depolarization
can be substituted with calcium-sensitive indi-
cators. Calcium indicators or genetically en-
coded calcium indicators are widely used for
studying changes of intracellular cytoplasmic
or organelle’s calcium. The concentration of
calcium indirectly reflects the depolarization of
the membrane and is a measure of neuronal cell
activity. It is also possible to investigate the
functional features of glial cells. Nowadays,
fluorescence immunolabeling of certain pro-
teins is a common technique and it’s especially
useful for quantifying receptors or performing
measurements subcellular structures in neuron-

glia networks, e.g. — synapses and mitochon-
dria.

However, some structural features can be de-
tected only with ultrastructural analysis, e.g.
membrane integrity, a simultaneous study of
various organelle types, intracellular contacts
or classification of the types of synaptic con-
tacts. That’s why it was decided to develop the
method of cultivating cells for matching patch-
clamp method, calcium imaging, immunocyto-
chemistry and ultrastructural analysis of pri-
mary hippocampal cell cultures. Cells previ-
ously used to be cultivated on the thermoplastic
films for electronic microscopy (Agar Scien-
tific, AGL4458), however, such a method
wasn’t used for the cultivation of neuronal cell
cultures. The application of this film as the sub-
strate for cultivation allows an easy-manner in-
vestigation of individual cells. Also, usage of
such a substrate is convenient for electron mi-
croscopy because it is easily separated from the
polymerized resin, leaving a pattern on the resin
and there is no risk of damaging the diamond
knife with glass residues.

Methods

Preparation of thermoplastic film

All experiments were performed using pri-
mary hippocampal cell culture prepared from
E18 C57bl/6 pregnant mice embryos at an ini-
tial density of 1500 cells/mm?.

The heat-resistant film was cut on the hexa-
gons of the required size. Further, a coordinate
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grid of Roman numerals was drawn with a scal-
pel on the film, four numbers in a row, four
rows. Next, films were wiped and placed into
an ultrasound bath with EtOH for 2 hours. After
that, they were dried and sterilized at a 1400C
within 2 hours. Then, the dissociated cells were
placed on coated with an anchoring agent (pol-
yethyleneimine, Sigma, USA) and cultured ac-
cording to the standard protocol [1] for 30 days.

Patch-clamp method.

Electrophysiological parameters of individ-
ual neurons in the networks of primary cell cul-
tures of mouse hippocampus were determined
with the patch-clamp technique in the whole-
cell configuration. For this purpose, the follow-
ing equipment was used: EPC 10 USB double
patch-clamp amplifiers (HEKA Electronik,
Germany) the SliceScope Pro 2000 device (Sci-
entifica, UK), P-97 Flaming/Brown type mi-
cropipette puller (Sutter Instrument Co, USA),

Masterflex L/S peristaltic pump (Cole-Parmer
Instrument, Malaysia), AxioCam ICm 1 photo-
video camera (Carl Zeiss, Germany), borosili-
cate glass capillaries GC120F-7.5 (Harvard ap-
paratus, UK), the software for recording and
processing the electrophysiological data —
PatchMaster (HEKA Electronik, Germany),
MiniAnalysis (Synaptosoft Inc., USA).

To measure neuronal activity, there was
used an extracellular solution containing
(mmol) 130 NaCl; 2.5 KCI; 1.5 MgCl2;
1.5 CaClI2; 10 glucose; 10 HEPES at 24°C,
osmolarity — 300+5 mOsm; pH 7.3-7.4; and
intracellular solution (mmol): 130 K-glu-
conate; 10 HEPES; 2 EGTA; 3 L-ascorbic
acid; 2 MgCI2; 1 Na2-GTP; 2 Na2-ATP
(pH 7.2; osmolarity — 29543 mOsm). A simi-
lar intracellular solution with QX-314 bro-
mide at 2 mM concentration was used to
block sodium currents when recording spon-
taneous excitatory postsynaptic currents.

Fig. 1. Wide-field microscopy images of the primary hippocampal cultures on 24 day on development in
vitro (24 DIV).Scale bar 100 pm

28 | Opera Med Physiol. 2020. Vol. 6 (1)



The study involved cells with access re-
sistance below 20 MOhm and leakage current of
100 ... 100 pA. The resting potential for neurons
was maintained at 70 mV. The following param-
eters of the action potential were studied: ampli-
tude (calculated based on the points from the sub-
threshold potential to the overshoot point); hy-
perpolarization amplitude (the difference be-
tween the lower point of hyperpolarization pe-
riod after the action potential and the baseline of
stimulation step where this potential was gener-
ated); threshold potential amplitude (calculated
based on the rate of potential increase for each
cell). The above parameters were determined
based on the first action potential on the threshold
stimulus. Spontaneous neuronal activity was rec-
orded in the cell culture for 5 min. Membrane ca-
pacity was tested by applying 5 mV pulses and
calculated based on changes in current.
GraphPad Prism 6 (GraphPad Software Inc.,
USA) was used for performing statistical analy-
sis and building the graphs.

Cal+ imaging

Functional activity was monitored by measur-
ing the dynamics of the concentration of intracel-
lular calcium using a specific fluorescent calcium
dye Oregon Green BAPTA-1 AM (0.4 uM, Invi-
trogen, O-6807, USA) that was added to the cul-
ture medium for 40 min and confocal laser scan-
ning microscope Zeiss LSM 510 (Germany).
Registration of fluorescence intensity changes in
response to increased intracellular calcium was
made at frequency 2 Hz. Image J ROI manager
tool was used to prepare an ROI set of mean gray
values of each time series. Subsequently, ROI set
were uploaded into open-source java-based ap-
plication CaSiAn [3]. This analysis-tool provides
an intuitive graphical user interface allowing ex-
perimentalists to easily process a large amount of
Ca2+ signals, interactively tune peak detection,
revise statistical measures and access the quanti-
fied signal properties as excel or text files.
Among all parameters, we analyzed such param-
eters as frequency and interspike intervals and
the number of spontaneously oscillating cells.

Immunocytochemistry

The cultured cells were fixed for 15 min in
4% formaldehyde containing PBS (pH 7.4)
with sugar. To increase the permeability of the

OM&P

plasma membranes and the antibody's binding
efficiency with intracellular antigens, the cul-
tures were treated with ice-cold methanol for
3 min. Next, the fixed samples were treated
with 0.1% Triton X-100 (Sigma) and 2% bo-
vine serum albumin (BSA) for 20 min. The
cells were incubated for 2 h at room tempera-
ture in PBS containing 1% BSA of the pri-
mary  antibodies (mouse  monoclonal
MAP2a+MAP2b (ab36447, Abcam) to stain
neurons. After washing, the samples were incu-
bated for 40 min at room temperature with the
following secondary antibodies (rabbit anti-
mouse conjugated Alexa Fluor 488 (Abcam)).
The immunostained cultures were examined
under the confocal laser-scanning microscope
(Zeiss LSM 510, Germany).

Electron microscopy

For electron microscopic studies, tissue
treatment was carried out according to the
standard protocol [1]. As a fixative 2.5% glutar-
aldehyde in PBS (pH = 7.4) was used. Subse-
quently, cells were immersed in a mixture of
1% of osmium tetraoxide and 1.5% potassium
ferricyanide within 1 hour. The sample was de-
hydrated in alcohols of upward concentration
(up to 100% alcohol), then three times in 100%
acetone. After dehydration step sample was
treated with the mixture (1:1) of 100% acetone
and resin mixture the Epon-Araldite within 1
hour. Further tissue was embedded in the mix-
ture Epon-Araldite for an additional 1 hour with
subsequent resin polymerization at 450C and
600C. Pyramids for ultrathin sections were ob-
tained with sharp edges of glass knives [4]. Ul-
trathin sections were made with ultramicrotome
Leica EMT UC7 (Leica Microsystems, ['epma-
aust ). Ultrathin slices were contrasted with ura-
nyl acetate and lead acetate according to the
Reynolds method.

Results

Morphological parameters of cell cultures
didn’t differ in comparison with the control
cells that were grown on coverglass with the
same anchoring agent.

It was convenient to monitor the movement
of cell bodies, neurite outgrowth, etc., moreo-
ver, cells are easily located due to the presence
of'a coordinate grid. It’s strongly recommended
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to orient coordinate grid in the same position
(Fig. 2F)

Due to the high level of autofluorescence of the
film (Fig. 2C), it is strongly recommended to use
an upright confocal microscope. For monitoring
of functional calcium imaging with subsequent
immunocytochemistry or electron microscopy ap-
plications, films with cells were oriented strictly in
the same position based on the drawn numbers, an
areca with the lowest density of neurons was se-
lected, and several z-stacks of different fields of
view far away from each other were made.

Sulforhodamine is a widely used dye for as-
trocyte’s labeling, however, this approach has
several disadvantages [5]. Here, we demon-
strated the method for matching Ca 2+ activity
and immunocytochemical labeling against mi-
crotubule-associated protein 2 (MAP2) in neu-
rons (Fig.2). As can be seen from the figure,
several cells were stained with Oregon Green

- Autofluorescence

BAPTA-1 AM, but not MAP2+, their calcium
activity has also differed it means that with the
approach it is possible to separate and analyze
different types of cells.

It is acceptable to match functional activity
with ultrastructural experiments growing cells
on these films, e.g. in this study we matched
data obtained by patch-clamp recordings with
the ultrastructure of the measuring cell (Fig. 3).
Electrophysiological data were compared with
other intact cells (Fig. 3E). The following pa-
rameters were measured: the amplitude of the
action potential, the threshold of depolarization,
the amplitude of hyperpolarization, and the
half-width of the action potential.

As can be seen, the amplitude of the action
potential is slightly lower than the average am-
plitude of other intact neurons, but the half-
width of the action potential is slightly higher
than other cells.
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MAP2b+Oregon Green

Fig. 2. A - Immunocytochemistry labeling of neurons, scale bar 50 pm; B — Representative image of cell culture stained
with Ca 2+ indicator Oregon Green BAPTA-1 AM; C — autofluorescence of the film with the coordinate grid; D —
Matching of neurons stained with Oregon Green and MAP2 antibody; E — Representative Ca2+ traces; F — schematic

representation of the film with the coordinate grid
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Fig. 3. A — View of the cell during the registration of bioelectrical activity by patch-clamp method B — The same image
upscaled C — Polymerized area of resin with three cells in pyramid D — Series of ultra-thin sections. E — electrophysio-
logical activity parameters of the measured neuron. F — ultrathin section of target-cell (left) and control cell (right)

After recording electrophysiological activity
cell cultures were fixed for subsequent ultra-
structural analysis. Since polymerization of
resin thermoresistant film was separated and
coordinate grid traces of the coordinate grid
were printed on the resin. Due to Since the cells
are osmiophilic, they can be easily identified in
the ultratome. The pyramid is initially made a
little more with standard blades. The final size
of the pyramid is turned by glass knives. Fur-
ther, it is possible to investigate using the
method of standard transmission microscopy or

to produce serial sections for subsequent re-
construction. As the ultrastructural analysis
of the neuron showed, with the activity
compared with the comparison cell (right)
(Fig. 3 F), there were no significant changes
in the membrane structure, ribosome den-
sity, or ER organization. The formation of
endoplasmic reticulum was not found. How-
ever, in the body of this cell, both intact mi-
tochondria and destroyed ones, as well as
mitochondria with expanded cristae, were
observed.
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Discussion

The advantages of this method include low
cost and easy separation of the film during sam-
ple preparation for ultrastructural analysis. It al-
lows investigating functional cell activity and
its molecular environment, e.g. for extracellular
matrix labeling. This approach could be used as
an alternative way of identification of neurons
and glial cells or it may help to discover ultra-
structural correlation with the bioelectrical ac-
tivity of neurons and other cell types.

However, there are some disadvantages.
Firstly, grid drawing, sterilization, and handling
of these films during the preparation of primary
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