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Abstract.
Background: A wide range of techniques has been developed over the past decades to characterize amyloid-� (A�) pathology
in mice. Until now, no method has been established to quantify spatial changes in A� plaque deposition due to targeted delivery
of substances using ALZET® pumps.
Objective: Development of a methodology to quantify the local distribution of A� plaques after intracerebral infusion of
compounds.
Methods: We have developed a toolbox to quantify A� plaques in relation to intracerebral injection channels using Zeiss
AxioVision® and Microsoft Excel® software. For the proof of concept, intracerebral stereotactic surgery was performed in
50-day-old APP-transgenic mice injected with PBS. At the age of 100 days, brains were collected for immunhistological
analysis.
Results: The toolbox can be used to analyze and evaluate A� plaques (number, size, and coverage) in specific brain areas
based on their location relative to the point of the injection or the injection channel. The tool provides classification of A�
plaques in pre-defined distance groups using two different approaches.
Conclusion: This new analytic toolbox facilitates the analysis of long-term continuous intracerebral experimental compound
infusions using ALZET® pumps. This method generates reliable data for A� deposition characterization in relation to the
distribution of experimental compounds.

Keywords: Alzheimer’s disease, amyloid-�, distributional activity, implantable infusion pump, histology, plaques, quantifi-
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INTRODUCTION

Alzheimer’s disease (AD) is a yet incurable neu-
rodegenerative disease and the most common type of
dementia in the aging population, affecting approx-
imately 56 million people worldwide [1, 2]. AD is
characterized by time- and location-specific accumu-
lation of amyloid-� (A�) and hyperphosphorylated
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tau protein, and inflammatory changes including
microglia and astrocyte activation. These morpho-
logic changes lead to synaptic dysfunction and
irreversible cognitive impairment, which interfere
with the person’s ability to work or complete daily
activities [3, 4]. The most prominent neuropatholog-
ical hallmark of AD are senile plaques that consist
of toxic A� peptides [5, 6]. Therefore, it is critically
important for preclinical research to have a reliable
and accurate technique to visualize, identify, charac-
terize, and quantify A� aggregates [7].

A wide range of techniques has been applied over
the past decades to characterize A� pathology in
brain tissue. These techniques include microscopic
methods that enable visualization and structural
determination, separation techniques to analyze and
obtain A� species of certain sizes, spectroscopic
techniques to follow the aggregation process and
determine protein shape, and immunology-based
methods for quantification of A� aggregates [8–13].
Currently, different microscopic techniques are com-
monly used in combination with immunostaining
to collect data of A� aggregates including size,
shape, location, and density [13]. However, process-
ing of high-resolution, large images requires digital
imaging software. Various imaging software tools
for microscopy offer a unique range of additional
options, for instance, writing semi-automated ana-
lytic scripts. With these self-programmed scripts, it
is possible to extend the analytic capabilities of the
tools, and to obtain custom analyses for specific ana-
lytical values. These values can be used to evaluate
new therapeutic approaches.

Long-term continuous intracerebral infusion of
test substances by using mini-osmotic pumps is an
interesting approach in neurodegenerative disease
research [14–16]. Mini-osmotic pumps are minia-
turized infusion systems that provide consistent and
precise drug-delivery to specific sites with variable
durations and controlled infusion rates. This tech-
nique allows researchers to overcome problems of
drug-delivery across physiological barriers such as
the blood-brain barrier (BBB) [17]. The miniaturized
infusion sets consist of two main parts: a mini-
osmotic pump and a brain infusion kit that contains
the brain infusion cannula, catheter tube, and depth
adjustment spacers. The mini-osmotic pumps are able
to deliver the agents for variable durations (from 1 day
to 6 weeks) with controlled rates (between 0.11 and
10 �l/h). The operation of mini-osmotic pumps, e.g.,
manufactured by ALZET, is based on the salt layer
compartment and the tissue environment in which

the pump is implanted. The high osmolality of the
salt layer causes water influx from the tissue trough
a semipermeable membrane [18].

Our previous study using ALZET® mini-osmotic
pumps has shown that inappropriate fixation of the
ALZET cannula in a long-term continuous infusion
experiment can harm the mouse brain. Therefore, we
developed an improved methodology, which provides
better stability of the ALZET cannula [19]. Until now,
there is no method available how to examine the
spatial distribution of A� and thus, indirectly also
the distribution of the test substances in the brain
after local infusion with mini-osmotic pumps. To this
end, we present a novel and experimentally validated
method for quantification of A� plaques after long-
term intracerebral brain infusion using mini-osmotic
pumps.

Here, we present a custom method to quantify
plaques based on their distance from a defined injec-
tion point or injection channel using the AxioVision
viewer software (Carl Zeiss Vision GmbH) and Excel
(Microsoft). We provide all scripts and templates
in Supplementary Material 2 and include detailed
instructions on how to use these, making the toolbox
easily usable also for inexperienced users.

Briefly, we use AxioVision to obtain raw data about
plaques and several reference points within the dig-
ital slides including the hemispheric borders and the
injection channels. In Excel, the data points are pro-
cessed further, and additional values are calculated.
The results are displayed in several customized charts
and a schematic visualization of detected plaques can
be generated for each slide.

MATERIALS AND METHODS

Preparations

Additional methods (animals, mini-osmotic pu-
mps and surgical techniques, tissue harvesting, and
statistical analyses) are provided in Supplementary
Material 1.

Immunohistochemical staining and digitization
Paraformaldehyde-fixed brains were embedded in

paraffin and cut in 4 �m thick coronal sections. Sec-
tions for A� staining were pre-treated for 5 min with
98% formic acid before being stained with primary
antibody anti-human A� clone 4G8 (1 : 4,000, BioLe-
gend, USA) using a fully automated immunostaining
system BOND-III (Leica Biosystems GmbH, Ger-
many). All incubations with primary antibodies were
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followed by the development with ‘Bond Polymer
Refine Detection’ kit (DS9800, Leica Biosystems
GmbH, Germany). After staining, tissue sections
were digitized at 230 nm resolution using a Panno-
ramic MIDI II slide scanner (3DHistotech, Budapest,
Hungary).

Required software

Carl Zeiss Vision AxioVision® Viewer
We used the AxioVision viewer V4.8.1.0 (Carl

Zeiss Vision GmbH, Germany) with the add-in “Mir-
ax2AxioVision Converter Utility” (further referred to
as “M2AV”, Carl Zeiss Vision GmbH, Germany) to
obtain raw data about plaques. The add-in “M2AV”
has to be installed separately. Note that this add-in is
a pre-release software.

We provide our custom script in Supplementary
Material 2. To install it, copy the files to the “Carl
Zeiss” folder (usually located under “C:\Users\
Public\Documents\Carl Zeiss\”. It can then be
called by selecting the script from the menu “Com-
mander” and submenu “Scripts”.

After all components have been installed, the Axio-
Vision Script Editor found in the menu “Commander”
can be used to edit the provided script. This is nec-
essary, as certain folder locations are hardcoded into
the script and need to be customized. Set the desired
output folder path by changing “Folder” in steps 26,
27, and 55–60 (all steps named “Save Datatable As
. . . ” or “Save Image As . . . ”). AxioVision will later
export all raw data to the selected folder.

Microsoft Excel
We developed our tool using Microsoft Excel 2016.

An automatic compatibility check suggests that the
template may work in earlier versions (starting with
Excel 2013) with the current Power Query add-in,
but we have not tested accurate functionality beyond
Excel 2016.

Acquiring raw data (AxioVision)

The M2AV-script “Abeta Pump Animals” uses
several built-in commands for automated measure-
ments, image enhancement, object segmentation,
binary image clean up, object separation editing
of the measurement mask, selection of measure-
ment parameters, definition of measurement frame,
measurement of geometric and densitometric fea-
tures, documentation of measured objects and data
storage by saving of measurement data in an Excel-
compatible file format (CSV).

The following systematic protocol describes in
detail how to use the script in AxioVision. It explains
how to import images, how to apply slide-specific
settings, and how to quantify A� plaques. After fin-
ishing these steps, the user will obtain raw data that
is required to proceed with the analysis in Excel.

1. Load the image (scanned slide) into AxioVi-
sion. Since AxioVision does not support the
MRXS file format natively, use the add-in
“M2AV”. (This protocol does not cover the use
of M2AV. Please refer to the M2AV-manual for
further information.)

2. Start the script “Abeta Pump Animals”. This
script will guide you through the whole process
and show relevant information for each step.
Complete and confirm each step to proceed with
the next one.

3. Enter a unique slide name (e.g., “BlockID
SlideNo”). This name will be used to identify
all data from this slide in later steps in Excel.
Note: When importing the data to Excel (Sec-
tion 4), the underscore will be used to split the
slide title. If you want to follow another naming
convention, you need to edit the PowerQuery in
the PowerQueryEditor.

4. Select the region of interest (ROI) by using the
option “draw annotation” (Fig. 1). Carefully
outline the entire area that you want to ana-
lyze further. The area should contain equal parts
from the ipsilateral and the contralateral hemi-
sphere. Do not include any area that does not
contain tissue. After finishing the outline, any
point can be edited to improve the outline before
proceeding to the next step. Important: Note the
ipsilateral side for each slide, i.e., does the left or
the right hemisphere contain the injection chan-
nel. This information will be needed later on
when processing the data in Excel (Section 4).

5. Define the hemisphere border by marking two
points as seen in Fig. 2. First, mark the upper
point where both hemispheres meet. Second,
mark the lower point where both hemispheres
meet. Use the circle tool. Note: Only the coor-
dinates of the center will be used for further
calculations, the size of the circle is irrelevant.

6. Define the injection point and a corresponding
point in the contralateral hemisphere as seen in
Fig. 3. First, mark the end of the injection nee-
dle. Second, mark a corresponding contralateral
point. Similar to the previous step, the circle tool
and center coordinates are used.
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Fig. 1. Sample ROI selection. We selected the region of interest (ROI, red outline) using our custom script in AxioVision.

Fig. 2. Defining the hemisphere border. We have marked the upper and lower points where the hemispheres meet (red circles) using the
circle tool in our custom script in AxioVision.
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Fig. 3. Defining the injection point. We have defined the injection point and a corresponding point in the contralateral hemisphere (red
circles) using our custom script in AxioVision. The previously selected points are displayed in yellow.

7. Next, AxioVision automatically detects all
plaques within the selected ROI. When two
plaques are located closely together, AxioVi-
sion may recognize them wrongly as a single
plaque. You have to correct this mistake man-
ually in the image editor by drawing a line to
separate the two plaques as shown in Fig. 4.

8. In addition to “fused” plaques, some detected
plaques may actually be other objects like spots
of unspecific background staining or tissue folds
with higher staining intensity. These false pos-
itives have to be removed manually. Objects
outlined in green will be included in subsequent
analyses, while objects outlined in red will be
ignored (see Fig. 5). In the image editor, click
on an object to change its color.

9. When you have completed and confirmed the
last step, AxioVision will analyze the ROI and
save the raw data into different files. “Area.csv”
contains the area of the ROI. “Measured
Points.csv” contains information about all ana-
lyzed plaques. “Ref Hemisphere.csv” contains
the coordinates of the reference points dividing
the two hemispheres (hemisphere border). “Ref
Injection.csv” contains the coordinates of the
reference points where the injection was made.

An alert window “Done!” will appear once the
data export is completed. You can now find the
files in the folder defined in the script (see sec-
tion 02). Note: AxioVision generates in total 10
files per slide, but only the CSV files are needed
for the next part.

Processing raw data (Excel)

Next, the raw data output from AxioVision is
processed and analyzed further using the Excel
tool “Pump Animal-Analysis Tool Template.xltm”.
In this newly designed tool, we used Power Query
data connection technology, and made several folder
queries to load the raw data from the exported CSV
files. We have included two versions of our tool. First,
we provide an empty version that can be used to
analyze your own data (Excel macro-enabled tem-
plate, XLTM, Supplementary Material 3). Second, we
provide a version containing sample data for demon-
stration purposes (Excel macro-enabled workbook,
XLSM, Supplementary Material 4).

The following systematic protocol describes in
detail how to use the custom Excel tool. It explains
how to import and label data. After completing these
steps, the user will have prepared the data for analysis
and visualization.
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Fig. 4. Separating plaques. How to separate two plaques that have been detected as one object using the line tool in our custom script in
AxioVision.

Fig. 5. Removing false positive objects. The outline color of each
object indicates whether an object will be included in (green out-
line) or excluded from (red outline) the subsequent quantification
of plaques.

Note: The Excel file includes hidden sheets. These
hidden sheets are used to filter values needed for the
graphs and are not meant to be changed by the general
end user.

1. Open the Excel tool “Pump Animals Ana
lyzing Tool Template.xltm” (Supplementary

Material 3). When double-clicking onto the
file, Excel will open a new instance of the
template (Fig. 6).

2. Before you can import your AxioVision raw
data, the file needs to be saved. To this end,
enter the path where all files should be saved
to (“desired root folder” in the worksheet
“Main”) and your name/shortcut. Then, click
on “Save file and create folder”. This step
will create a folder in the selected root folder
(“Username YYYYMMDD”), save the Excel
tool as XLSM file (Excel macro-enabled work-
book) and create a subfolder “Import”.

3. Next, you have to provide the raw data that
you have obtained from AxioVision. Open the
import folder and move or copy all CSV files
that have been generated during the first part
of this protocol (Section 2) into this folder (4
CSV files per slide).

4. You can now start the data import by click-
ing on the button “Import data”. A macro will
extract all data from the files and save them
inside the current Excel file.

5. If your data originates from animals in dif-
ferent groups, you can define and label all
groups (table “Group name” in the worksheet
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Fig. 6. Starting with our custom Excel tool. Screenshot of the worksheet “Main” with different settings and customizable options. Image
shows a new/fresh instance of the template in Microsoft Excel.

“Main”). If you have more than two groups,
expand the table as needed.

6. Next, provide information about each
imported slide. Clicking “Assign the slides to
their group and choose the ipsilateral side”
brings you to the worksheet “Slides”. Assign
each slide to a group (column “Group”) and
select the ipsilateral side as noted in section
3 (column “Ipsilateral side”). You can note
additional slide-specific comments in the
column “info”.

7. Finally, you can customize the distance cate-
gories for the following analyses (worksheet
“Main”, tables “Distance group reference
point [RP]” and “Distance group parallel
straight line [PSL]”). We explain the mean-
ing of these categories in Section 5.1. Initially,
we recommend keeping the default values.

8. Once you have filled in all required informa-
tion, start the analysis by pressing the button
“Calculate”. You have to repeat this step, if
new data is added or any information on the
worksheet “Slides” is changed.

9. Note: Should you experience problems or
inconsistencies, you can re-calculate every-
thing (worksheet “Main”, button “Refresh
all”). During a refresh, all information given
in the worksheets “Main” and “Slides” is

preserved. Use this script also to add more
slides later (after you copied the new CSV files
to the “Import” folder).

10. In the worksheet “Main”, you can find basic
plausibility checks to verify that all data is
imported correctly and has been labelled. If
any check fails, the cell will be highlighted
in red.

Data analysis and data presentation

In the previous sections, we have described how
to analyze slides in AxioVision, and how to pro-
cess and label the obtained raw data in Excel. For
the visualization and interpretation of the data, our
Excel tool offers different charts and tables (work-
sheets “Visualize Slide” and “Analyze data”). In the
following section, we will provide more details about
these worksheets. Moreover, the worksheet “Export
Data” provides several pre-defined filters to export
specific sets of values for the analysis in third-party
software, e.g., statistical analysis in Prism (GraphPad
Software, San Diego, CA, USA).

Plaque categorization: “Reference point” and
“Parallel straight line”

In this method, we present two different ap-
proaches how to characterize plaques based on their
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distance to a reference point (RP) or to a reference
line (parallel straight line, PSL). Both approaches
(RP/PSL) categorize plaques in five predetermined
distances that can be customized (worksheet
“Main”). The detailed mathematical calculations are
described in Supplementary Material 1.

Reference point (RP). The RP approach catego-
rizes plaques in a circular manner according to their
distance from a reference point (Fig. 7A). On the
ipsilateral side, this reference point is the tip of
the injected cannula. On the contralateral side, it is
the previously selected reference point. The distance
categories are defined in the “Main” worksheet. By
default, these categories are distances smaller than
(1) 500 �m, (2) 1000 �m, (3) 1500 �m, (4) 2000 �m,
and (5) more than 2000 �m.

Parallel straight line (PSL). The PSL approach cat-
egorizes plaques according to their distance from a
reference line. This reference line is calculated as a
parallel to the previously defined hemisphere border
that goes through the reference point in the respec-
tive hemisphere (Fig. 7B). By default, the distance
categories are distances smaller than (1) 200 �m, (2)
400 �m, (3) 800 �m, (4) 1000 �m, and (5) more than
1000 �m.

Visualization of detected plaques
The raw data obtained in AxioVision contains pre-

cise two-dimensional coordinates for each plaque,
which are used to calculate their distance (RP or
PSL). Moreover, we use these coordinates to gen-
erate schematic visualizations for one slide at a time
(worksheet “Visualize Slide”).

After selecting the slide/animal of interest, the
user obtains three different graphs: plaques accu-
mulated across the whole cortex (Fig. 8A), plaques
accumulated across the cortex from RP (Fig. 8B)
and plaques accumulated across the cortex from PSL
(Fig. 8C). Each data point represents one detected
plaque, regardless of its size. In Fig. 8A–C, the color
of the data points represents their distance to the
injection point or channel based on the pre-defined
distance groups for RP and PSL.

These graphical representations allow the user to
visualize plaque location around the injection point
or channel and to detect potential calculation errors,
e.g., if quantified plaques do not belong to a particular
distance group.

Quantification of detected plaques

Our Excel tool quantifies plaques based on their
location alone or in combination of location and size

categories (small, medium, large). In the worksheet
“Analyze Data”, the user finds several automati-
cally generated charts that display group means
of these quantifications. For biological relevance,
group means are calculated by first calculating values
per slide (worksheet “Slides”), subsequently averag-
ing all slides of one block (i.e., animal, worksheet
“Block Calculations”), and finally calculating the
mean counts of all animals in the respective group
(worksheet “Group calculations”). By default, all
groups are selected, but users can deselect groups to
display fewer groups in the charts. To exclude indi-
vidual slides from subsequent calculations, users can
remove the group label of the respective slide in the
worksheet “Slides”.

Obtained charts include the number of plaques
(Fig. 8D), and distance histograms based on the pre-
defined distance categories for RP (Fig. 8E) and PSL
(Fig. 8F).

Sample data set

To demonstrate the functionality of the Excel tool,
we have included a sample data set with this publica-
tion. We provide raw data (Supplementary Material
4) and specific graphs (Supplementary Material 5).
The sample data was obtained from 16 immuno-
histochemically stained brain sections from eight
animals that received intracerebral injections of PBS
using mini-osmotic pumps. The detailed methods are
described in Supplementary Material 1 together with
an extended description of the results and relevant
comparisons. We present the quantitative measures
(number of plaques, cortex area covered by plaques
and size of plaques) obtained from 1-2 IHC stained
brain sections per animal (slides, n = 14; animals,
n = 8).

Furthermore, we analyzed the sample data sta-
tistically, comparing the ipsi- and contralateral
hemispheres (Supplementary Material 5). We present
four different quantitative measurements: number of
plaques, size of plaques, number of plaques by size
groups, and cortex area covered by plaques. The
Excel template categorizes plaques according to their
size: 1) small, ≤400 �m2; 2) medium, 401–700 �m2;
3) large, > 700 �m2, according to Bolmont et al. [20].
Additionally, the Excel template calculates the num-
ber of plaques for each size group in the pre-defined
distance groups RP and PSL. The in-depth analysis
of plaques according to size and location allows us
to detect whether a particular plaque category has
decreased around the injection site induced by the
administered compound.



J. Upıte et al. / Intracerebral Injections Analysis 1685

Fig. 7. Schematic representation of the categorization approaches for amyloid plaques. A) Distance between plaques and the injection point
(RP). The RP approach categorizes plaques in a circular manner according to their distance from a reference point. The distance categories
are smaller than (1) 500 �m, (2) 1000 �m, (3) 1500 �m, (4) 2000 �m, and (5) more than 2000 �m. B) The distance between the plaque and
the injection channel (PSL). The PSL approach categorizes plaques according to their distance from a reference line. The distance categories
are distances smaller than (1) 200 �m, (2) 400 �m, (3) 800 �m, (4) 1000 �m, and (5) more than 1000 �m. The circles/lines were added
manually to visualize the approach and are not used for the actual classification. Representative pictures have been obtained from our custom
Excel tool.
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Fig. 8. Graphical visualization of plaques in the cortex of a mouse in Excel. A) The plaques accumulated across the cortex as detected
by AxioVision. B) The plaques accumulated in the cortex categorized by distance group RP. C) The plaques accumulated in the cortex
categorized by distance group PSL. D-F) Distance histograms showing the number of plaques. Representative pictures have been obtained
from our custom Excel tool.

DISCUSSION

Since A� plays a major role in the initiation
and progression of AD, several methods have been
developed to perform quantitative analysis of A�
aggregates and to investigate the therapeutic effi-
cacy of treatment in transgenic mouse models [21].
The delivery of proteins and pharmacological com-
pounds into the brain are important strategies for
studying mechanisms underlying brain diseases and
evaluating candidate molecules for new treatments.

However, drug-delivery to the brain is challenging
due to the BBB [22]. It is well recognized that the
route of administration is a critical determinant of the
final pharmacokinetics, pharmacodynamics as well
as toxicity of pharmacological agents. Intravenous,
subcutaneous, intraperitoneal, and oral routes are the
main paths of drug administration in laboratory ani-
mals, each offering advantages and disadvantages
depending on specific goals of the preclinical studies
[23]. However, for long-term experiments with puri-
fied drugs, systemic administration by intraperitoneal
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injection is not considered the preferred choice for
targeting the brain, as it induces stress in rodents and
requires high doses of drugs [23, 24]. In this context,
mini-osmotic pumps represent an ideal system for
studying long-term treatments in the brain, at a fixed
known delivery rate that eludes the problem of daily
injection stress in animals and overcomes the BBB
by direct intracerebroventricular administration [17,
18, 25, 26].

Proper formulation of a drug and appropriate
route of administration are crucial for preclinical
and clinical success at later stages of drug develop-
ment. Potential routes of administration are usually
addressed after proof-of-concept studies where the
goal is to evaluate the effects of target engagement
[23]. Intracerebroventricular administration of agents
using mini-osmotic pumps (e.g., ALZET) is a well-
established method. ALZET pumps have been used in
thousands of studies on the effects of controlled deliv-
ery of a wide range of experimental agents, including
peptides, hormones, growth factors, and antibodies
[27–29]. Due to the unique mechanism by which
ALZET pumps operate, compounds of any molec-
ular conformation can be delivered predictably at
controlled rates, independent of their physical and
chemical properties [18]. So far, published stud-
ies have selected different neuroanatomical sites of
interest that are close to the cannula insertion chan-
nel (e.g., various hippocampal regions) as regions
of interest (cortex and hippocampus) and they are
mainly involved in memory-related processes [30,
31]. Most of the studies applying intracerebral injec-
tions focus on assessing the hippocampus or even
smaller regions of interest. Considering the limited
size of these regions, quantification of A� plaques and
evaluation of a potential treatment are less complex,
especially if the target tissue has not been trauma-
tized [32–35]. Other quantitative methods require
homogenized brain tissue, e.g., ELISA or western
blot, or the separation of both hemispheres of the
brain to perform immunohistochemistry or biochem-
ical studies [36–38]. However, these methods can
provide a complete visual comparison of the dis-
tribution of plaques between the control and the
injected hemisphere, further determining the possi-
ble distribution of treatment. There is very limited
data available regarding how the quantification of A�
plaques should be performed in relation to intracere-
bral injection channels. Therefore, we developed a
suitable analytical tool, which performs histopatho-
logical quantification, e.g., in the entire cortex area
and compares the results of both hemispheres after

continuous long-term intracerebral injection using
mini-osmotic pumps.

Our tool analyzes and evaluates A� plaques in spe-
cific brain areas based on their location relative to the
point of injection or the injection channel. The anal-
ysis tool enables reporting of additional data based
on the ROI, number, and sizes of the selected A�
plaques. We also developed worksheets for quality
control and visualization of data obtained in AxioVi-
sion. Additionally, using PBS-treated experimental
animals as proof of concept, we obtained results about
A� plaque distribution in our model. It is important to
find out whether a potential treatment could reduce
the number of a specific plaque size based on the
ROI. The core functionality of our tool is the classifi-
cation of A� plaques in pre-defined distance groups
by two different approaches (reference point, RP,
and parallel straight line, PSL) and different plaque
sizes (small, medium, large), that allows us to gain
a better understanding of potential treatment effec-
tiveness. Essentially, this functionality could serve as
a basis for more specific and accurate determination
of the distribution and efficacy of the newly tested
substances.

The developed tool serves as an alternative
approach to deliver a more accurate technique to ana-
lyze histological images and quantify A� plaques
therein, especially after long-term intracerebral injec-
tion by using mini-osmotic pumps. Different other
methods exist that have been used to quantify A�
plaques, but in general, these processing and analyz-
ing tools (e.g., AxionVision, ImageJ) do not provide
strategies for specific situations with lost tissue and
injection trajectories. The presented toolbox enables
the user to share information faster, more accurate
and more detailed, especially when tissue has been
damaged and the location effect relative to the drug
distribution is needed.

The tool presented here can be applied to many
types of injections such as stereotactic microin-
jections, intracortical injections and ventricular
injections [17, 18, 25, 26, 39]. While our analy-
sis is focused on plaque analysis, our method can
be used to determine various other immunohisto-
chemical markers, e.g., intracellular neurofibrillary
tangles composed of highly phosphorylated forms of
the protein tau, or markers related to neuroinflam-
mation, including the astrocyte marker glial fibrillary
acidic protein (GFAP), and the microglia marker ion-
ized calcium-binding adaptor molecule–1 (IBA1).
The tool might also be useful to analyze in vivo
approaches with side differences where potentially
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a part of the tissue is lost. Trauma or stroke mod-
els could be tested to be analyzed with the toolbox;
after induction of a head injury, the size of the trau-
matized tissue region is reduced as compared to the
non-traumatized brain hemisphere [40, 41].

However, we would also like to point out some
limitations of our method. One limitation of the
AxioVision tool is the need of user involvement to
segregate manually double plaques by drawing a line
between the single plaques that have not been sep-
arated automatically. In addition, the user needs to
carefully check the automatic recognition and dese-
lect/select the affected objects and decide whether the
recognized object is a real plaque or not. As both men-
tioned aspects are involved in the analysis of the A�
plaques, there is a possibility that the user intervention
to identify errors and to separate plaques may lead
to additional errors in the results (user error). Auto-
matic image analysis can help to increase objectivity
and reduce time, e.g., machine learning-supported
analyses (DeePathology™ STUDIO) can reduce the
effort needed for analysis showing comparable quan-
titative results to the traditional approach [42, 47].
Equally important is that although the Excel tool pro-
vides a graphical visualization of the A� plaques and
their categorization into different distance groups, an
important addition would be to recognize the plaque
sizes (based on size groups small, medium, large) in
distance groups [43–46].

From a technical standpoint, our method could be
optimized for better comparison between experimen-
tal groups by calculating automatically the RP on
the contralateral side (mirrored along the hemisphere
border). Another improvement would be to make the
number of distance categories customizable.

In conclusion, our study has demonstrated that
this analytic tool improves performance of evalua-
tion process for potential treatments after continuous
long-term intracerebral injection in vivo studies.
However, further studies are necessary to generate
representative results obtained with our new method
that would increase its current usage and potential
impact.
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