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А.Г8.4 
Calcium Currents in Differentiated and Undifferentiated PC12 Cells 
 
Summary 
 

The PC12 cell line, derived from rat adrenal pheochromocytoma, serves as a 
valuable model for research on neuronal differentiation and calcium channel function. 
Under normal conditions, these cells resemble chromaffin cells but differentiate into 
neuron-like cells with neurites when treated with nerve growth factor (NGF), activating 
pathways like Ras/MAP kinase. 

This study compared calcium currents in untreated and NGF-treated PC12 cells 
using patch-clamp techniques. In undifferentiated cells, only 32% showed measurable 
calcium currents, whereas NGF treatment raised this to 70%. NGF also caused cells to 
stop dividing, grow larger, and express more voltage-gated Ca2+ channels, though current 
density remained stable due to increased cell size. These findings highlight PC12 cells as 
an effective model for studying neural differentiation and ion channel regulation. 
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А.Г8.5 
Electrophysiological Changes of Cav1.2 in PC12 Cells During Temporal Modulation by 
Neuronal Growth Factor NGF 
 
Summary 
 

PC12 cells represent an excellent model for studying neuronal differentiation as 
well as for investigating calcium channels. When PC12 cells are influenced by neuronal 
growth factor, they undergo functional differentiation into neuron-like cells. In our work, we 
investigated how the morphological changes of PC12 cells manifest at the physiological 
level. We observed how the current passing through the Cav1.2 calcium channel changes. 
The ion flow through the channels was measured using the patch clamp technique. 
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ABSTRACT

L-type voltage-dependent calcium channels 
(LTCC) play an important role in memory formation 
and gene expression in the hippocampus. Our goal 
was to investigate the contribution of L-type calcium 

V
1.2 channel to 

neuronal excitability. We evaluated and compared 
inward calcium currents, single action potentials 
and action potential series in presence and absence 
of LTCC. As experimental model we used primary 
culture of neonatal rat hippocampal cells. Channel 
activity was regulated by use of dihydropyridine 
L-type calcium channel blocker nimodipine, and 
by gene silencing of the gene for Ca

V
1.2 channel 

by siRNA. Currents and action potentials were 

35 – 50 % of the total calcium current and blocked the 
generation of AP in series, induced by a prolonged 
depolarizing current pulse. It was unlikely that the 

on potassium and sodium conductances. Sodium 

calcium-activated and voltage-dependent potassium 
channels. Calcium-activated potassium channels 
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are coupled to voltage-dependent calcium channels. 
Therefore, observed inhibition could be indirect due to 
inhibition of calcium entry, or due to direct interaction 
of nimodipine with the channel. Voltage-dependent 
potassium channels were inhibited directly perhaps 
by an open channel block. Further, we studied the 
individual contribution of Ca

V
1.2 channel by silencing 

level of mRNA for the Ca
V
1.2 channel by RT-PCR and 

by functional test. Ca
V

decreased the proportion of nimodipine-sensitive 
calcium current and the concentration of mRNA 
for the Ca

V

action potentials and the basic electrophysiological 
parameters of neurons, like cell capacity and input 
resistance did not change. 
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ABSTRACT 
Electrophysiology serves as an indispensable instrument in the investigation of the physiological and 

pathological characteristics of electrically active cells and their interconnected networks. The patch clamp 
method exhibits remarkable flexibility and can be employed in numerous configurations to examine a spectrum 
of properties.  

However, adequate protocols are essential for precise measurements, ensuring the accuracy and repro-
ducibility of experiments. The diversity of cell types requires tailored approaches, adding complexity and 
highlighting the need for robust protocols to enrich our understanding of neural functions.  

The protocols proposed by the author represent a thoughtful contribution to the study of CA1 hippocam-
pal neurons. They are designed to align with the physiological characteristics of these neurons, allowing suf-
ficient time for cellular recovery following each electrical stimulus, avoiding artifacts caused by cellular fa-
tigue. The protocols take into consideration the properties of the voltage-gated channels expressed, proving to 
be suitable for the study of neuronal excitability. 

Key words: electrophysiology, excitability, patch clamp, input resistance, action potential. 

Introduction 

Nearly four decades ago, the advent of the patch clamp technique marked a significant break-
through in Cellular Physiology and Biophysics by adding experimental value to the Hodgkin Hux-
ley model of the squid giant axon (Hodgkin et Huxley 1952) that earned its creators the Nobel prize 
in physiology in 1963, serving this way as a refinement of the voltage clamp (Neher et Sakmann 
1976). This novel electrophysiological approach enabled scientists to observe the behavior of indi-
vidual ion channels within the cell plasma membrane in their natural environment. Initially intro-
duced for its ability to investigate single ion channels (Neher et al. 1978), the patch clamp method 
proved to be more versatile and powerful than anticipated, leading to the development of multiple 
configurations (Hamill et al. 1981). These configurations have profoundly enhanced our under-
standing of cellular electrical signaling, fundamentally transforming our knowledge of both tradi-
tionally excitable cells, such as neurons (Bean 2007; Santillo 2024) and muscle cells (Kornreich 
2007), as well as other cell types such as chromaffin cells (Carbone et al. -cells (Fridlyand 
et al. 2009) and even going beyond to in vivo recordings (Wang et al. 2016). 

The patch clamp is an electrophysiological technique used to study the electrical properties of 
cells, cell membranes and occasionally isolated organelles. All patch-clamp configurations rely on 
a very high-resistance seal between a micropipette and a membrane. The seal is usually obtained 
by gentle suction. Erwin Neher, Bert Sakmann and Dieter Lux developed the patch clamp in the 
late 1970s and early 1980s (Hamill et al. 1981). Neher and Sakmann received the Nobel prize in 
physiology in 1991 for this work (Neher 1992). 

To conduct the desired studies, adequate protocols are needed. These protocols ensure preci-
sion in measurements, which is critical for achieving accuracy and reproducibility in experiments. 
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ABSTRACT 
This study investigates the differentiation and electrophysiological properties of neonatal rat 

hippocampal CA1 neurons cultured in vitro. Primary hippocampal neurons were extracted from 1-2 day old 
postnatal rats and cultured for a period of up to 13 days. Electrophysiological recordings were conducted 
using the patch-clamp technique on days 4 to 11, and 13 in vitro (DIV). Key parameters measured included 
resting membrane potential, input resistance, and cell capacitance. 

Notably, the input resistance started to decrease significantly after 6 DIV, whereas the resting 
membrane potential and cell capacitance remained relatively constant over time. These findings suggest that 
these neurons undergo differentiation without a concomitant increase in size and provide valuable insights 
into the electrophysiological behavior and differentiation patterns of neonatal rat hippocampal neurons in a 
controlled environment.  

This research contributes to the broader understanding of neuronal development and has potential 
implications for neurological studies. 
 
Key words: patch-clamp; excitability; action potential; input resistance; hippocampal neuron. 
 
Introduction 

In vitro studies of hippocampal neurons derived from neonatal rats have been instrumental 
in advancing our understanding of neuronal development, intrinsic excitability, and synaptic 
integration. The hippocampus, a central structure in the mammalian brain, plays a critical role in 
learning, memory formation, and spatial navigation. Within this region, CA1 pyramidal neurons are 
particularly well-characterized for their distinct electrophysiological profiles and developmental 
trajectories (Kandel et al., 2013; Spruston and Johnston, 1992). 

Culturing hippocampal neurons provides a controlled environment to investigate how 
intrinsic membrane properties evolve during early differentiation. Parameters such as resting 
membrane potential, input resistance, and membrane capacitance are key indicators of neuronal 
maturity and functional readiness. These properties are shaped by the dynamic expression of ion 
channels, changes in membrane morphology, and the establishment of synaptic networks (Debanne 
et al., 2019; Bean, 2007). 

This study focuses on CA1 neurons cultured from neonatal rats, examining their 
electrophysiological characteristics between 4 and 13 days in vitro (DIV)  a critical window during 
which neurons undergo rapid differentiation and begin to exhibit mature firing patterns. By tracking 
changes in resting membrane potential, input resistance, and capacitance, we aim to elucidate the 
timeline and mechanisms of neuronal maturation in vitro. 

 
Materials and methods 

Primary cultured hippocampal neurons were extracted from neonatal rats at 1-2 postnatal 
day. The neurons selected for electrophysiological recordings exhibited prominent pyramidal 
morphology with well-defined dendritic processes. The cultures were sustained for a period of 13 
days. A recovery post-isolation period was obligatory, as no detectable calcium currents were 
observed prior to 4 days in vitro (DIV). Electrophysiological experiments were conducted on 4 
DIV, 5 DIV, 6 DIV, 7 DIV, 8 DIV, 9 DIV, 10 DIV, 11 DIV, and 13 DIV. 


