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Abstract

When new technologies are developed for biological aplications, one of the most important steps to
overcome is achieving a true understanding of their applied performance (in vivo, in vitro), even more
so than their theoretical or idealized performance. This dissertation project concerns the development
of a novel validation technique capable of providing a full in vivo characterization of the recently
developed high density 128 channel Neuroseeker probe, designed by IMEC, with respect to detection
of neural activity. For this purpose, a new experimental setup is designed and implemented to record
electrical neural activity via the Neuroseeker probe and simultaneously/sequentially perform volume
optical recordings of the neural activity surrounding the probe, making use of fluorescent calcium
indicators of neural activity (GCaMP6s) and two-photon laser scanning microscopy. Special attention
is given to the setup design and implementation, as well as its performance, intrinsic and in vivo.
Several aspects of the implementation are thoroughly analysed, including the performance of the setup
for electrical recordings, optical recordings and combined recordings. A detailed characterization of
the artifact induced on the electrical recordings by the microscope’s laser light is included. Particular
importance is given to the artifact waveform, its origins and its relationship with the microscope
scanning scheme. A comparisson is made between the light induced artifact on the Neuroseeker probe
recordings and the commercially available Neuronexus probe recordings. Several different attempts to
remove the artifact are presented.

Keywords: Two-Photon Laser Scannig Microscopy, Multi-Electrode-Array Electrophysiology,
Optical Validation, Laser Light Induced Artifact, Neuroseeker

1. Introduction

The brain is built up of bilions of neurons. In or-
der to understand brain function, we need to find
ways to record neural activity. Since at any point
in time, very many neurons are active and exchang-
ing electrical signals, we need to be able to record
from an increasingly large number of neurons simul-
taneously to fully understand what is going on - the
more neurons, the better. Thus, creating improved
technologies for large-scale recordings of neural ac-
tivity in the live brain is a crucial goal in neuro-
science. This project intends to develop a valida-
tion technique to study the performance of a novel
high density microelectrode array silicon probe for
recording neural activity.

The project’s main goal is to develop and imple-
ment a novel experimental approach to validating
the extracellular action potential signals detected
by neurophysiological probes. This novel approach
makes it possible to obtain a ground truth dataset,
where activity of spatially identified neurons is com-

prehensively recorded using two-photon images to-
gether with dense electrical recordings in the vicin-
ity of the same neuronal population.

Figure 1: Implemented experimental configuration.

The developed technique can then be used to val-
idate the novel Neuroseeker probe, a high-density
multi-electrode array neurophysiological probe with
128 recording microelectrodes arranged in a high
density array configuration. This technique com-
bines electrophysiological and optical approaches,
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taking advantage of their individual strengths to
create a validation technique capable of quantifying
important aspects of the recording probes such as
detection range, signal seperability and its depen-
dence on cell spatial distribution, insertion induced
cell damage, among others.

For this purpose, the activity of all GCaMP6s
[1] tagged neurons in a volume in the vicinity of the
preliminary Neuroseeker probe will be imaged using
a two-photon microscope, while a small monitor is
used to stimulate primary visual cortex (V1) neu-
rons bellonging to an anaesthetised Thy1-GCaMP6
transgenic mouse [2], as shown in figures 1 and 2.

Figure 2: Schematic of probe insertion under the
microscope objective.

Achieving this goal requires the design and im-
plementation of an experimental setup capable of
accomodating the Neuroseeker probe under the mi-
croscope objective in conditions suitable for both
electrical and optical recordings of neural activity,
as is shown in figure 2. In addition, experimental
and surgical proceadures must be developed to take
full advantage of all the information available from
combined recordings.

Combining these two techniques involves testing
the setup’s intrinsic and in vivo performance by
conducting operation tests in vivo and in saline for
purely electrical, optical and combined recordings
to get a clear understanding of the electrical and
optical interference effects of the microscope on the
electrical recordings. This also involves the develop-
ment of written code in MATLAB to read and anal-
yse the electrophysiological and optical data as well
as the development of signal analysis techniques to
remove the opticaly induced artifacts on the elec-
trophysiological recordings.

Ultimately, the goal of the experiment is to recog-
nize the activity of the optically identified respond-
ing neurons on the electrode array making use of
the fact that layer 2/3 neurons [3] in the visual cor-
tex [3] of the mouse respond sparselly and reliably
to specific visual stimuli to aid signal identification
on the electrode array.

2. Background

Nervous cells, or neurons, are the functional units
of the nervous system [3]. They build up a class of
electrically excitable cells that receive, process and
transmit information through electrochemical sig-
nals. Morphologically speaking, neurons can quite
generally be broken down into three main cellu-
lar compartments with distinct structural and func-
tional properties: the cell body (or soma), the den-
drites and the axon [3]. All mentioned compart-
ments are directly connected via the cytoplasmatic
fluid, which spans the entire intracelular space, and
seperated from the extracellular space by the cell
membrane. The selective permeability of the cell
membrane allows intra and extracellular concentra-
tions of specific ionic species to be different and
in so, the generation of a transmembrane electro-
chemical potential. By actively changing these ionic
concentrations in a dynamic way, nervous cells can
generate and transmit electrical signals. Also, the
ability to maintain reliable steady state concentra-
tions, i.e a resting transmembrane potential, allows
for the detection of fluctuations induced by, for in-
stance the reception of signals from another nervous
cell.

Neurons’ main form of communication is by
means of electrochemical signals called action po-
tentials. An Action Potential (AP) [3,4] is a bio-
physical event that occurs once the neurons trans-
membrane potential reaches a threshold due to
stimuli or other inputs (e.g., synapses, gap junc-
tions). During an AP, the initial rapid Na+ ion
influx to the cell results in a fast increase in trans-
membrane potential followed by a sharp decrease
due to the inactivation of the Na+ channels, cre-
ating a positive “spike”. Thereafter, the slow K+

efflux results in a small descrease in transmembrane
potential, creating a negative volley. It is from the
incessant exchange of action potential between neu-
rons in the brain that behavior arises. For this rea-
son it is important to record action potentials and
try to link them to their function in the brain.

Activity in the brain spans over multiple tem-
poral and spatial scales that require a compre-
hensive set of technologies to be fully addressed.
For this project we make use of two techniques
to record neural activity: extracellular electro-
physiological recordings with Multi-Electrode Ar-
ray (MEA) probes [5] and two-photon calcium
imaging [6,7].

In MEA recordings, several passive conductive
microelectrodes integrated into large arrays over a
silicon shank are used to record extracellular signa-
tures of neuronal activity. A microelectrode can de-
tect the changes in the extracellular field caused by
the current flows from all ionic processes across the
morphology of the closest neuron and from other
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nearby cells [5]. The effect of the transmembrane
currents on the electric field and the detected poten-
tial on a microelectrode depend on the magnitude,
sign, and the distance from the recording site [5].

Unlike intacellular recordings, which can measure
intracellular AP, in extracellular recordings, spikes
or EAP are detected, which are commonly identified
as voltage signals that exceed a threshold. EAPs
are usually around tens to hundreds of microvolts
in amplitude and less than 2ms in duration while
IAPs are at tens of millivolts and around the same
duration as EAPs [5]. EAPs can be identified when
electrodes are placed at the vicinity (up to around
100m) of the spike origin [5,10,11,14].

High Signal-to-Noise Ratios (SNR) [5,11] and
high temporal resolution, allowing a detailed dis-
cription of the intrinsic EAP waveforms (usual sam-
pling frequencies, of the order of tens of kilohertz,
are fast compared to the typical duration of EAP
waveforms of around 1-2ms [5,11]) are some of the
advantages of electrophysiological probing. On the
downside, this technique has a limited range of
detection (around 100-150 µm), which limits the
amount of recorded cells. On top of that, it is
blind, which means that nothing is known of the rel-
ative position between the probe and the recorded
cells and recognizing signals related to the activity
of individual cells is not trivial due to the super-
imposition of neighbouring cells signals [5,10,14].
Nonetheless, electrophysiological recordings remain
the most trustworthy direct measure of neural ac-
tivity available.

More recently new approaches for detecting neu-
ral activity have been developed, namely several
imaging techniques, capable of detecting activity
related fluorescence in the superficial layers of the
brain [X]. These techniques are dependent on the
advances in genetics and molecular biology involved
in the discovery of new fluorescent reporters of neu-
ral activity [11,12], capable of high-fidelity record-
ings of multiple different forms of neural activity
within functional circuits in the living brain [11,12].

Imaging requires light. If we want to image elec-
trical activity, something must be used to trans-
form that electrical activity into light, which can
then be used to form images. This is the role of
the fluorescent indicators of neural nctivity. They
are molecules that exist in two states: one produc-
ing increased fluorescence and the other with re-
duced fluorescence properties. For this project the
GCaMP6s [1,11,12] indicator is used, which is sen-
sitive to calcium concentration, i.e. its a molecule
that for low calcium concentrations exhibits very
little fluorescence, but which shows powerful fluo-
rescent properties when calcium concentration in-
creases. The fact that calcium is a major sig-
nalling molecule in neurons means that synaptic in-

put and membrane voltage fluctuations often trig-
ger changes in intracellular calcium concentration,
making it a prime candidate to track the cells elec-
trical activity [1,11,12]. This way, GCaMP can
be used to make spatiotemporal measurements of
[Ca2+] at cellular level using fluorescent imaging,
and therefore indirectly tracking the electrical ac-
tivity of the cells. For this project in particular, a
transgenic mouse line is used, the Thy1-GCaMP6s
[2], that already expresses GCaMP in around 80%
of layer 2/3 cells [3,8].

On the other hand, to monitor the spatiotempo-
ral variations in fluorescence, which carry informa-
tion on the electrical activity of cells, for a large
number of cells and at cellular resolution requires
the development of techniques and equipment ca-
pable of acquiring these spatiotemporal profiles of
activity. For this project we are mostly interested
in two-photon microscopy [6,7], a special case of the
more general multiphoton microscopy which com-
bines two-photon excitation of fluorescence [6,7] and
laser scanning microscopy [6,7] to generate optically
sectioned images from within highly scattering me-
dia.

Two photon excitation of fluorescence is a non-
linear process that occurs when two lower energy
photons cooperate to cause a higher energy elec-
tronic transition in a fluorescent molecule. For this
to occur, the two photons must arrive at the same
fluorescent molecule at most within ≈ 0.5fs of each
other so that they can cooperativelly contribute to
the molecules excitation [7]. The extremelly low
two photon excitation cross section, is responsible
for its dependence on the second power of the light
intensity. Two-photon excitation can be achieved
by combining a very high local instantaneous inten-
sity provided by the tight focusing of a microscope
objective with the temporal concentration of a fem-
tosecond pulsed laser. As a result, fluorophores
can be excited almost exclusively in a extremelly
small, diffraction- limited focal volumes as small as
≈ 0.1µm3 [7]. This property is usually referred to
as localization of excitation and its key consequence
lies in the achieved optical sectioning. This provides
three-dimensional contrast and resolution without
the necessity for spatial filters in the detection path.
It is also a major factor for the implementation of
laser scanning microscopy.

Laser scanning microscopy relies on an highly fo-
cused laser, usually with diffraction-limited beam
waist smaller than 0.1 µm in diameter [7], to
scan over a specimen and generate a pixelated im-
age, where each pixel simply collects the fluores-
cence produced by individual localized excitation
volumes. Since for two-photon laser scanning mi-
croscopy the great majority of excitation occurs in
the focal volume, all fluorescence photons captured
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Figure 3: Experimental Setup Detail. Micromanipulator visible at top right (c), mounted on the ad-
justable platform (d). Microscope equipment and Objective (e) in the middle, directly over the mouse
raising platform, anaesthesia delivery system (g) and headfixing posts (f). Display Monitor (a) and
respective shield (b) for visual stimulation on the left.

by the microscope objective constitute useful sig-
nal. This becomes important when imaging thick
scattering specimens, where the signal yield per ex-
citation event must be enhanced.

Imaging techniques offer increased detection
ranges (and hence probed volume) [1,7,11] when
compared to electrophysiological techniques, allow-
ing the near simultaneous monitorization neural ac-
tivity across close to 1mm2 fields of view, with high
spatial resolution and henceforth giving us detailed
information on the actual location of the spatialy
identified cells. Optical methods lack in temporal
resolution as a result of the slow intrinsic kinetics
of the optical reporters, and also suffer lower SNR’s
when compared to Electrophysiological recordings,
making it hard to detect for instance single action
potentials and impossible to detect action poten-
tial waveforms [11]. Also they are only practical
for use on the superficial parts of the brain, making
electrophysiological probes the prefered methods for
neural activity detection in deeps brain regions.

The primary visual cortex (V1) [3,8] was choosen
as the recording site as neurons in V1 selectively
respond to specific visual stimuli, having receptive
fields sharply tuned to multiple simple features in-
cluding orientation, direction, and temporal and
spatial frequency of drifting edges [3,8]. We are
interested in the superficial layers of V1, especially
layers 2/3 [3,8] as they are the most practical to
image.

3. Implementation

The recording setup, shown in figure 3, was assem-
bled on an optical air table, to reduce vibrations,
and inside a large black box to prevent external light
from reaching the microscope. A custom built plat-
form is used to place the mouse within the dynamic
range of the microscope objective. The mouse (hav-
ing been previously implanted with a headpost) is
then headfixed by securing the implanted headpost
using two lateral clamps. A small funnel shaped
mask is placed over the mouses’ snout to deploy the
oral anaesthesia (isoflurane). A motorized micro-
manipulator mounted on a platform with manually
adjustable height is used to insert the probe into
the brain. The platform wiith manually adjustable
height is used to first place the probe tip close to
the craniotomy, allowing the micromanipulator to
use its dynamic range to adequately approach the
craniotomy and insert the probe. The visual stimu-
lus is presented to the mouse (contraleterally to the
craniotomy) using a small (7 inch diagonal) display
monitor, attached to a freely adjustable arm, as in
figure 4E. A small 3D printed light shield was devel-
oped to guide the stimulus light directly to a small
opening, which is then brought to the mouse’s eye
by adjusting the freely moving arm. This is a neces-
sary measure to prevent light contamination in the
two-photon recordings.

Two different Multi-Electrode Arrays (MEA)
were used for this project: the commercially avail-
able 32 channel Neuronexus probe with a linear dis-
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Figure 4: Tight confinement during experiments (A), craniotomy with glass coverslip (B), implemented
probe holder (C), used probe details (D) and mounted ligh shield (E).

position of its channels and the novel 128 channel
Neuroseeker probe with a 32 by 4 array disposition
(detailed discription in figure 4D). The Neuroseeker
probe’s main body is constructed from a highly flex-
ible material. For this reason a probe holder had to
be designed to stabilize the probe body and attach
it to the manipulator (see figure 4C). The designed
holder allows the user to easily handle the probe
while confering it the required long term stability
for a successful insertion. It is also non permanent
in the sense that the probe can be removed from the
holder and reattached if necessary. In adition, an
allignment protocol had to be developed to align
the probe tip axis with the manipulator insertion
axis, correcting slight missalignments introduced by
all the different added components. This involved
adding an angular adjustment piece to the holder,
as shown in figure 4C.

For recording purpouses, adult Thy1-GCaMP6s

transgenic mice were anaesthetised with isoflurane
and a circular craniotomy (2-3 mm in diameter),
shown in figure 4B, was made above the primary
visual cortex, contralateral to the stimulus presen-
tation. A semicircular custom made glass cover-
slip (1mm thickness) was then placed over half of
the craniotomy and compressed to flatten the brain
surface and prevent brain palpitations due to blood
flow. The semicircular edges of the coverslip were
then cemented to the skull surrounding the cran-
iotomy, usign dental cement, followed by the cus-
tom iron headpost. The mouse was then trasported
from the surgery station to the recording setup and
headfixed. The probe was manually positioned di-
rectly above the craniotomy using the adjustable
platform, and the insertion point was choosen. The
microscope objective was then lowered to its work-
ing position directly above the probe tip and was
focused onto the probe tip. Once focused on the
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Figure 5: Traces recorded in saline and in vivo in the abcense of stimulation (A), traces recorded in
vivo during a visual stimulation trial (B) and spatio-temporal distribution of recorded single unit activity
(produced by kilosort [13]) (C).

probe tip, the relative positions of both the objec-
tive manipulator and the probe manipulator were
set to zero. This makes it possible to know what
section of the probe is being imaged at any given
time. With everything in position, the insertion
was initiated at a rate of 1-2 µm a second until all
channels are inserted in the brain (i.e around 1300
µm for the Neuroseeker Probe). Several constraints
have to be dealt with when performing the exper-
iment. The hardest one to deal with is the tight
confinement between the two-photon objective and
the craniotomy, visible in figure 4A. The fact that
the two-photon objective has a working distance of
3mm leaves very little free space for moving the
objective once the probe shank is in place. The
approach angle is also limited by the confinement
issues. The implanted headpost makes it impossi-
ble to insert the probe at approach angles bellow
15 and the microscope objective makes it hard to
insert the probe at angles above 40. For these rea-
sons, most experiments were carried out with an ap-
proach angle of 35 which albeit not ideal, seemed to
successfully tackle most of the constraints decently.

Electrophysiological data was acquired using an
Open Ephys acquisiton board, two RHD2164 Intan
Evaluation Boards and two SPI (Serial Peripheral
Interface) cables. This allows simultaneous record-
ing of the 128 channels of the neuroseeker probe at

a sampling rate of 30kHz. Electrophysiological data
was sinchronized with the stimulus presentation by
the monitor and the imaging data from the micro-
scope by recording triggers for these events syn-
chronously with the channel data from the probe.

4. Results

Results obtained for purely electrical, optical and
combined recordings are presented in this section.
Important results are presented in detail, while
other are simply mentioned. For further detaisl the
original dissertation document should be consulted.

4.1. Electrophysiological recordings

The first phase of the project consisted on prepari-
ing the microscope setup to properly accomodate
electrophysiological recordings. This required sev-
eral denoising proceadures as well as determining
which grounding mechanism for the electrophysio-
logical recordings worked best. After much trial and
error the best possible noise baseline was achieved
and is presented in the topmost trace of figure 5A.
This baseline is low, both in saline and in vivo and
is suitable for extracellular action potential detec-
tion.

High quality recordings were then obtained in
vivo using the Neuroseeker probe. Local Field Po-
tential (LFP) [9] activity and Extracellular Action
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Figure 6: Average two-photon images post probe insertion, in vivo at around 230 µm depth from brain
surface (A). Probe visible as black shadow at the top of the field of view, active cells encircled by red
circunferences on the left and respective ROI’s shown on the right. Timecourse of single two-photon
microscope frames for a single stimulation trial for a single plane of focus (B). Note that cells respond at
different times during the stimulation. Example fluorescence trace for a responsive cell across a subset of
the imaging session (C).

Potential Activity[4,9] are clearly visible as, respec-
tively, low frequency oscilations and sharp pulses
in raw traces presented in figures 5A (middle) and
5B. After filtering out the LFP signals, Extracellu-
lar Action Potentials (EAP) become clearly visible
in the 300Hz-8kHz bandpass filtered traces of the
same figures.

The recorded activity was shown to be respon-
sive to visual stimuli, as can be seen in figure 5B.
High quality single unit EAP waveforms were ex-
tracted from the in vivo recordings using Kilosort
[13]. Their response to visual stimulation was also
verified.

4.2. Optical Recordings

The experimental setup is also capable of acquiring
high quality optical recordings of neuronal activ-
ity by means of the two-photon microscope. Fig-
ure 6A is an example of this. It shows the average
two-photon image obtained for a single stimulation

trial post probe insertion, in vivo at around 230 µm
depth from brain surface.

Cells are clearly visible as donut shaped objects,
encircled by red circunferences in figure 6A, on the
left. Since GCaMP6 is confined to the cytoplasm,
the cell nucleus appears as a dark spot, giving cells
their characteristic donut shape. The probe shank
is visible as black shadow at the top of the field of
view.

By forming images of the activity dependent flu-
orescence at different times, optical recordings can
be used to monitor the spatiotemporal timecourse
of cell activity, as can be seen in figure 6B. This can
be done for every cell present in the field of view,
and since we can see the cells, each activity time-
course has its own identity, i.e. we know which cell
it belongs too.

To monitor cells activity, a donut shaped Region
Of Interest (ROI) is drawn to encircle the fluores-
cent area for each identifiable neuron cell body in
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Figure 7: Unframed artifact (E2) and framed artifact (E3), panel 1. E1 - shutter closed, no scanning,
E2 - shutter open, no scanning and E3 - shutter open and microscope scanning. Amplitude Spectrum
of the Unframed artifact, panel 2. Frequency components are A - 1665 Hz, B - 6252 Hz, C - 7916 Hz,
D - 14 170 Hz. Raw and Bandpass (300Hz - 8kHz) filtered single plane artifact for 10 frames, panel 3.
Amplitude spectrum of the framed artifact, panel 4. The visible peaks have the following frequencies: a
- 29.60 Hz +Harmonics, b - 1665Hz, c - 6252 Hz, d - 7916 Hz and e - 14.17 kHz.

the images. The pixel values of all pixels included
in the identified ROI are averaged for each frame,
producing a fluorescence value of that ROI, for each
frame. The time course of the ROI’s fluorescence
is then obtained by using ROI fluorescence values
across frames. Since there is also baseline fluores-
cence, the signal of interest is the ROI’s relative
change in fluorescence i.e. (F − F0)/F0 = ∆F/F0,
where F0 is the baseline fluorescence value. This
allows us to construct fluorescence traces, like the
example presented in figure 6C. We succesfuly per-
formed optical recordings of neurons in the vacinity
of the probe. Stimulus related activity was detected
in many neurons in close proximity to the probe, in-
dicating that the tissue around it is functional and
responding to visual stimuli.

4.3. Combined recordings and light induced artifact

As a final step, the setup’s performance for coom-
bined recordings, using both the two-photon micro-

scope and the Neuroseeker probe was tested.

The first attempts at combined recordings
showed that the microscope scanning induced a
large amplitude artifact in the recordings, time-
locked to the microscope’s frame scans (see figure 7
panels 1 and 2). This artifact was shown to be light
induced, resulting from some photo-electric interac-
tion between the laser light and the probe shank or
substrate. This was determined by recording from
the Neuroseeker probe while scanning with the mi-
croscope in two different conditions: with laser light
being allowed to reach the probe and with the laser
light blocked by a physical shutter.The artifact was
not present when the laser did not reach the sample.

Once it was clear that the artifact was light in-
duced, a frequency and time domain characteriza-
tion followed. The presence of two different arti-
facts was verified, one present when the shutter is
open yet the microscope has not begun scanning -
the unframed artifact - and one present when the
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Figure 8: Configuration of Neuroseeker probe in the microscope’s field of view (Left) and respective arti-
fact waveform across channels (Right). Notice the presence of a persistent 100 µV oscilation throughout
the duration of the scan.

microscope begins scanning - the framed artifact.
Figure 8 includes the amplitude spectra obtained
for both the artifacts. Some frequencies were found
to match the known frequencies of the microscope
setup, but others were not. Table 1 summarizes the
known and unknown frequencies.

Frequency Origin
29.60 Hz Microscope Frame Rate
1665 Hz Unknown
6252 Hz Unknown
7916 Hz Resoant Mirror Frequency

14 170 Hz (Undersampled) Res. M. Harm.

Table 1: Artifact frequency content and relation
with microscope component frequencies.

The artifact waveform changes across channels.
For this reason the same microscope scanning frame
was plotted for all channels and condensed into the
heat map presented in figure 8.

Several important properties are worth mention-
ing. First the artifact waveform is different from
channel to channel. The epoch at which the arti-
fact shows its highest amplitude (which physically
corresponds to the moment of the scanning scheme
when the laser light incides directly on the channel)
is different across channels. This is to be expected
from the microscope scanning scheme and is related
to each channels position in the field of view of the
microscope.

Also, there is a persistent oscilation which re-
mains constant throught the entire frame, corre-
sponding to the 1665 Hz oscilation. Its amplitude
of oscilation remains around 100 µ V which is high

enough to mask EAP activity. Unfortunately, its
frequency is right at the heart of the action po-
tential waveform characteristic frequency content,
which means that if we filter it away by using con-
ventional bandpass filters they will change action
potential waveforms if not remove them completely.
After several attempts to indentify the source of this
oscilation, the only remaining hypothesis is that it
results from out of focus light reaching the probe
channels.

Figure 9: Comparisson of artifact waveforms be-
tween probes.

The artifact was also studied for the Neuronexus
probe and compared to the results obtained for the
Neurosseker probe. Notice that for the Neuronexus
probe, the artifacts are conned to particular time
points in the scan for each channel. Unlike the Neu-
roseeker probe, no persistent oscilation is observed
for the entire scan duration. This property is con-
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sistent across channels.

Several computational approaches to removing
the artifact were tested including a template ap-
proach, a frame triggered moving average approach
and a cross channel correlation approach, and are
presented in detail in the main text.

To summarize, the electrical recordings from
the Neuroseeker probe during combined recordings
show high amplitude electrical artifacts. The fre-
quency content and high amplitude of the artifact
make simultaneous optical and electrical recordings
difficult. Particularly, the 1665 Hz component of
the artifact has the correct frequency and ampli-
tude to mask EAP activity, making its detection
difficult and untrustworthy.

5. Conclusions

The main achievement of the project is the imple-
mentation of a setup capable of making combined
high quality in vivo recordings of neural activity us-
ing a two-photon microscope and a novel high den-
sity multi-electrode array - the Neuroseeker probe.
Another important achievement is the characteri-
zation of the light induced artifact on the MEA
probes, which has, to my knowledge, never been
studied before. Obviously, as in any experimental
project, the main achievement is the sum of several
smaller achievements such as the different parts de-
signed for the setup and the development of the sur-
gical and recording proceadures, ensuring that the
combined data can be used to its full advantage.
Although still ongoing, the several custom written
MATLAB codes used as different attempts to re-
move the light induced artifacts from the recordings
are in themselves an achievement, even tho their
performance remains to be tested at many levels.

Now that the setup and recording proceadures
work, a lot more time and effort should be put
into trying to remove the artifact from the electrical
recordings, which is imperative for retreaving usable
simultaneous data using both techniques. Alterna-
tively, a new approach can be implemented where
the same stimulus is presented twice, in consecu-
tive order, using the first trial to image with the
microscope, and the second to only record using
the probe. This would in principle allow us to iden-
tify the imaged cells’ signals on the electrode array
by making use of their stimulus selectivity, i.e. we
would determine the stimulus preference of each re-
sponding cell using the imaging data and compare it
to the stimulus preference found for the single units
of the electrophysiological data. If the responding
cells are distributed in a sparse enough manner, this
comparisson could potentially allow us to locate the
cell that is originating the recorded electrical signal.
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