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Unveiling the Brain’s Highways: Automated 
Quantification of Axonal Density 

► AxoDen, a novel, open-source algorithm, that offers a

standarized analysis.

-4- Comparing current methods to AxoDen

Access Github resposititory here:

► Publish the manuscript to 
eNeuro Journal.

► Faster Analysis: Saves valuable 
research time.
 
► Enhanced objectivity: Reduces 
inter-researcher varability.

► Accurate Data: Delivers reliable 
measurements. 
 
► Acessibility: Freely available for all
researchers. 
(http://axoden.streamlit.app)
 
► Axoden empowers researchers to 
unlock new frontiers in brain 
connectivity mapping.     

Axoden provides a large range 
of benefits:

Slice brain Collect brain slices

2 - 4 weeks

Inject virus in brain Collect brain

Immunohistochemistry
(optional)

Imaging
(Keyence microscope)

Collect z-stacked images
of the brain region of interest

Reduce z-stack
to a 2D image

oScarlet-ACC-pain-active axons

Overlay brain atlas
on 2D image

(Adobe Illustrator)

Mask & crop brain region
(intralaminar thalamus,

Image J)

Modify pixel range
(Image J - Brightness/Contrast)

Save image as
.tif file

T I F

animal_brainregion_group.tif

Launch AxoDen Follow the instructions
in the GUI / Web app

E X E
AxoDen.exe

Collect quantification plots and use .csv 
files for statistical analysis

CSV

Confirm the mask is complete in the
control plots
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Conclusion:
Using AxoDen leads 

to less variance 
between researchers

and the current 
method of 

quantification 
take more time 

than AxoDen.

► Data: Mean +/- 
SEM 
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Figure:
► Bar = average

► Each dot represents 
mouse

► Data: Mean +/- SEM
► Grey = mouse

   ►Blue = average 

MD – mediodorsal MHab – medial habenular PCN - paracentral

CL – centrolateral CM – central medial IMD – intermediodorsal

LHab – lateral habenular

ROI: Thalamic nucleus 

Results: 

Conclusions: 
► The CL of the thalamus recieves the most innervation 

of pain-active mu-opioid-receptor-expressing neurons in 

ACC.

►The CL of has the highest threshold of binarization de-

spite covering a small area of the brain. (TH)

►The CL may serve as a central hub for information   

processing or relaying, due to its extensive connections
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-2- Workflow

EGFP BLA axons

Signal Intensity Along the Medio-Lateral and Dorso-Ventral Axes

Anterograde virus injected 

unilaterally in right 

anterior cingulate cortex 

► Understanding how brain regions connect is 
crucial for neuroscience.

► Axonal innervation, a measure of axonal projection, 

is a key metric, but current methods for quantification

result in variability or are costly.

Step 1: Animal preparation and tissue collection

Step 2: Imaging

Step 3: Image pre-processing

Step 4: Quantification with AxoDen

► How can one develop a standardized protocol to 
quantify axonal projections, which are essential for 
understanding how the brain is wired? Here, we 
specifically look to quantify projections that are 
pain-active.


