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Modeling the role of specific inhibitory cells in the processing of visual stimuli
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Introduction: Gamma-aminobutyric acid (GABA) is an essential inhibitory neurotransmitter that
regulates neural communication and reduces neuron activity, reducing stress and promoting sleep.
Two main types of inhibitory interneurons, Parvalbumin (PV*) and Somatostatin (SST*), shape
brain responses to visual stimuli, although their specific roles remain unclear. Gathering quantita-
tive data on their connectivity with pyramidal cells is vital for deciphering complex brain circuits.
Understanding these neurons aids in developing treatments for neurological disorders and advanc-
ing intelligent machine design.

Methods: The study utilized data from the Allen Institute, employing the patch clamp technique on
mice to analyze the firing characteristics of central inhibitory neurons, PV* and SST* Mice aged 45-
70 days were anesthetized, perfused, and brain slices prepared. Researchers enhanced generalized
leaky integrate-and-fire (GLIF) models to simulate neuronal spiking behavior, optimizing them
with electrophysiological data to accurately reproduce neural responses across various stimuli.
Results: The analysis of explained variance indicates that additional mechanisms are needed to
replicate the spiking behavior of inhibitory and excitatory neurons. The GLIF: model achieved

Sciences, Tehran, Iran a variance of 65%, with inhibitory neurons showing higher performance (82%) compared to ex-

citatory neurons (69%). The GLIF> model’s reset rule reduced performance for both types, while
Email: Safari@sbmu.ac.ir the GLIF> model, including post-spike currents, improved inhibitory neuron variance to 84%. In-
troducing post-spike currents in the GLIF4 model further enhanced performance for both neuron
types. Overall, the findings highlight the distinct effects of post-spike currents on neuron types and
the complexity of modeling their behaviors.
Conclusion: The present research concluded that GLIF models can accurately replicate biologi-
cal neuron spike times with few adjustable parameters, simplifying input-output matching. More
complex models, like GLIFs, outperform simpler ones in differentiating transgenic lines. However,
increasing complexity risks overfitting, complicating optimization. Clustering algorithms can clas-
sify cell types based on electrophysiological features, but identifying crucial features is essential
for effective modeling.
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Extended Abstract

Introduction

Gamma-aminobutyric acid (GABA) is a vital neurotrans- ty, blocks stress signals, and promotes restful sleep. By
mitter that plays a key role in regulating neural networks studying GABA, researchers gain insights into how the
and communication between different brain regions. As brain functions and how it can be affected by neurological
an inhibitory neurotransmitter, it reduces neuron activi- disorders. However, studying inhibitory neurons in the ce-
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rebral cortex has posed challenges for researchers due to
tool limitations. Imbalances in excitatory and inhibitory
messages in the brain can cause harmful seizures. Hence,
it is crucial to understand the connectivity between inhib-
itory interneurons and target cells. These interneurons are
also responsible for regulating sensory stimuli processing
and shaping visual stimulus responses, making it essential
to study the tail. Two primary subtypes of inhibitory inter-
neurons, Parvalbumin (PV+) and Somatostatin (SST+),
play an essential role in shaping the brain’s response to
visual stimuli movement. However, whether these sub-
types have distinct quantitative and functional roles in
this process is still unclear. Accurate quantitative data on
their connectivity with pyramidal target cells are crucial
for understanding these complex brain circuits. Study-
ing GABA and inhibitory interneurons provides crucial
insights into the brain’s functioning and the mechanisms
behind neurological disorders. By understanding the in-
tricate connectivity and roles of these neurons in regulat-
ing brain activity, researchers can develop effective treat-
ments for various neurological conditions. Moreover, this
research can potentially contribute to developing intelli-
gent machines based on the human brain’s functioning
principles. Ultimately, a precise understanding and mod-
elling of the nervous system can significantly advance the
treatment of neurological conditions such as Alzheimer's,

multiple sclerosis, and Parkinson’s.

Methods

The information was sourced from the reputable Allen In-
stitute and obtained through electrophysiological means
using the patch clamp technique on mice. The Allen Insti-
tute database offers fundamental insights into cell firing
characteristics, including those of the central inhibitory
neurons PV+ and SST+, as observed in whole-cell patch
clamp recordings. This study’s recordings involved a

variety of stimuli, such as short pulses, long steps, slow

ramps, and natural noise, to evaluate the inherent attri-
butes of these neurons. The sections utilized in our re-
search were extracted from adult mouse tissue.

Male or female mice between 45 and 70 days old were
used to prepare brain slices. The mice were anaesthe-
tized with 5% isoflurane and then perfused with 25 or 50
ml of oxygenated ice-cold artificial cerebrospinal fluid
(ACSF.) at a 9 ml/min flow rate via intracardiac injec-
tion. The perfusion continued until the liver was clear or
all the perfusion solution was used. Afterwards, the brain
was quickly dissected and placed on a Compresstome
VF-300 (Precision Instruments) vibrating microtome
chuck to create a coronal section.

In this study, researchers utilized GLIF models to mimic
the firing patterns of neurons at varying levels of com-
plexity, accurately replicating the spiking behaviour
of both mouse and human neurons. By enhancing the
leaky integral and fire (LIF) model with three general-
izations-post-spike currents to represent ion channel ac-
tivation effects, sub-threshold voltage and spike-depen-
dent changes in the threshold, and voltage and threshold
resetting rules based on electrophysiology data-the team
optimized the model by maximizing the likelihood of
a neuron with intrinsic noise that perfectly emulates a
spike. The model’s efficacy was tested by evaluating its
ability to reproduce observed sequences on test stimuli,
with the fraction of neural response variance explained

by the model calculated across different time scales.

Results

The analysis of explained variance across various model
levels suggests that additional mechanisms are necessary
to achieve the spiking behaviour of inhibitory and excit-
atory neurons. Specifically, when considering all neu-
rons, the GLIF model (equivalent to the integral mod-
el and generalized leaky fire) demonstrated a variance

above 65%. Notably, inhibitory neuron models outper-
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formed excitatory models, with 82% and 69% variances,
respectively. The reset rule in the GLIF, model reduced
performance, or both inhibitory (76%) and excitatory
(63%) neurons’ post-spike currents in the GLIF, model
contributed significantly to inhibitory neurons (84%) but
not to excitatory neurons (65%). To further verify that the
improvement in fit between the GLIF, and GLIF, models
followed distinct trends for inhibitory and excitatory neu-
rons, the researchers calculated the two-by-two explained
variance ratio and found that differences in distribution
were unique to each neuron type. These findings suggest
that post-spike currents have distinct effects on inhibitory
and excitatory neurons.

By introducing post-spike currents to the reset rule in the
GLIF, model, excitatory (79%) and inhibitory (88%) neu-
rons improved performance. However, the reset rule alone
hurt performance. The difference in distribution between
GLIF, and GLIF, was statistically significant for both
types of neurons. Furthermore, adding adaptive thresh-
olding to post-spike currents and baseline resets enhanced
performance for excitatory cells (79%) but only slightly
improved inhibitory cells (86%). Directly measuring the
reset rule from the data hindered the ability of the GLIF,
model to replicate the rise times of neural data. The pres-
ent study explored the correlation between the model’s
ability to produce subthreshold behavior in the voltage
waveform and the reproduction of neuronal spike times.
While generally a correlation exists between the two, the
average performance values indicate that although GLIF,
outperforms GLIF, and GLIF, in replicating subthresh-
old voltage, it fares worse in producing spiky behaviour.
Therefore, reproducing subthreshold voltage does not
necessarily lead to better time performance.

When considering all the models, a correlation was gener-
ally found between the model’s ability to reproduce sub-
threshold voltage and its ability to reproduce spike times.
The model’s ability to reproduce subthreshold voltage did

not necessarily lead to better spike timing performance.
This study found that, out of 345 neurons, 167 from three
transgenic lines matched the tuning criteria of the GLIF,

and GLIF, models.

Conclusion

The current research demonstrated that GLIF models can
recreate the spike times of biological neurons with only a
few adjustable parameters while simplifying the match-
ing complexity associated with the input-output spike se-
quence. Besides, the obtained findings on the relationship
between complexity and ability reveal that these models
can differentiate transgenic lines through unsupervised
clustering while simultaneously reproducing spike times.
Notably, more intricate models (such as GLIF, or high-
er) are superior to simpler models in producing biologi-
cal spike times and accurately differentiating transgenic
lines.

By optimizing all parameters at once, we can lower the
optimized function’s error by increasing the present mod-
el’s complexity (by incorporating new mechanisms and
variables into the previous model). However, if we con-
tinue to add parameters or state variables, we may reach
a point where the model starts to overfit the training data.
At this stage, optimization based on the present perfor-
mance measure (variance explained) will no longer be
convex, and additional optimization will require more
significant computation and a higher level of uncertainty.
As aresult, there is no guarantee of convergence.
Electrophysiological feature sets can be analyzed through
clustering algorithms to classify cell types associated with
input/output conversion observed in electrophysiology
experiments. However, it is essential to determine which
features are crucial for consideration. Alternatively, one
can integrate the input/output relationship with the model
using the entire spike sequence information set and clus-

ter based on the model parameters. For this purpose, a
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model with biophysical detail is appropriate, as the pa-

rameters correspond well to biological mechanisms.
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