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[Abstract] Oligodendrocytes generate distinct patterns of myelination throughout the CNS. Variations 
in myelination along axons may enable neurons to fine-tune conduction velocities and alter signal 

synchronisation. Here we outline a staining protocol permitting the assessment of the number and length 
of myelin sheaths formed by oligodendrocyte in the mouse grey matter. This protocol enables the 

investigation of myelination without the need for reporter mice or technically challenging protocols, aiding 
the investigation of factors influencing myelin production in the brain. 
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[Background] Oligodendrocytes generate the insulating myelin sheaths around axons in the central 
nervous system (CNS). Myelin sheaths accelerate axonal conduction velocities through the 

concentration of voltage-dependent sodium channels at the small unmyelinated gaps between sheaths 
–the nodes of Ranvier (Huxley and Stampfli, 1949; Rushton, 1951; Waxman, 1997). Although 

oligodendrocytes are located throughout the CNS, not all axons are myelinated suggesting that the 
formation and size of myelin sheaths may precisely permit the fine-tuning of action potential speeds and 

neuronal synchronisation (Pajevic et al., 2014). Understanding what influences the amount of myelin 
generated by oligodendrocytes (i.e., the number and size of sheaths formed by one cell) is therefore 

important for understanding how myelin alters neuronal function. 
  A number of techniques have been developed to analyze the complex morphologies of 

oligodendrocytes in vivo. Initially, the studies of Pio del Rio-Hortega used silver carbonate staining to 
identify and distinguish oligodendrocytes based on the number and length of the myelin sheaths formed 

(Reviewed by Perez-Cerda et al., 2015). Common methods now involve the generation and breeding of 
transgenic mice expressing fluorescent reporters downstream of oligodendrocyte-specific gene 

promoters (Rivers et al., 2008; Chong et al., 2012; Young et al., 2013; Hill et al., 2018; Hughes et al., 
2018). Further, oligodendrocyte morphologies can be labelled through infection with viruses harbouring 

genes encoding fluorescent proteins (Osanai et al., 2017). While, these strategies enable the 
visualisation of oligodendrocytes throughout the CNS, the generation of transgenic reporter mice, in 

combination with genetic knockouts, can be a very time-consuming and costly process, while viral 
labelling is a technically challenging procedure and invasive. 

  To circumvent the challenges of existing techniques, we developed a system for the 
immunofluorescence staining and analysis of the detailed morphology of individual oligodendrocytes in 
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the mouse grey matter. Targeting one of the most abundant mature oligodendrocyte proteins, CNPase, 

enables labelling of the entire oligodendrocyte: cell soma, fine processes and myelin sheaths. This 
allows the complex individual morphologies of oligodendrocytes to be traced in the sparsely myelinated 

grey matter of the mouse cortex enabling the assessment of myelin sheath number and length. This 
method can overcome the need to generate transgenic reporter mice and specialised labelling of 

oligodendrocytes, allowing the assessment of myelination following various interventions such as in 
genetic knockout studies. 

 
Materials and Reagents 
 

1. 7 ml Bijou tubes (Greiner Bio-One Inc., catalog number: 189170) 

2. Tinfoil 
3. Double Edge Razor Blades FEATHER® Brand (Electron Microscopy Sciences, catalog number: 

72002-01) 
4. Small paintbrush (e.g., Electron Microscopy Sciences, catalog number: 66100-00) 

5. 24-well plates 
6. 1.5 ml Eppendorf tubes 

7. Superfrost plus slides (VWR, catalog number: 631-0108) 
8. Glass coverslips (VWR, catalog number: 631-0146) 

9. Mice 
Note: Oligodendrocytes are continuously generated in the mouse brain and therefore add new 

myelin to the sparsely myelinated upper cortical layers. Identification and analysis of individual 

oligodendrocytes therefore becomes more challenging in older animals due to the increase in 

myelin. Postnatal days 21, 35 and 90 have been used to confidently assess myelination. 

10. Superglue 

11. Phosphate buffered saline (PBS) 
12. 4% Paraformaldehyde (PFA) in PBS 

13. Sodium azide 
14. Low gelling temperature agarose (Sigma-Aldrich, catalog number: A9414) 

15. Embedding peel-a-way mould (Polysciences, catalog number: 18986-1) 
16. Tri-sodium citrate (Sigma-Aldrich, catalog number: S4641) 

17. Tween 20 (Sigma-Aldrich, catalog number: P1379) 
18. Goat serum (Sigma-Aldrich, catalog number: G6767) 

19. Triton X-100 (Sigma-Aldrich, catalog number: X100) 
20. CNPase primary antibody (Atlas Antibodies, catalog number: AMAb91072) 

21. Alexa fluorophore-conjugated secondary mouse antibody 
22. Nuclear marker, e.g., Hoechst (Thermo Fischer Scientific, catalog number: 62249) 

23. Fluoromount-G (Cambridge Bioscience, catalog number: 0100-01) 
24. Other tested antibodies: 
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a. Caspr–Rabbit–1/250 (Abcam, catalog number: ab34151) 

b. CC1–Mouse–1/500 (Abcam, catalog number: 16794) 
c. Olig2–Rabbit–1/100 (Millipore, catalog number: 9610) 

d. MBP–Rat–1/250 (AbD Serotec, catalog number: MCA409S) 
25. 2% Low gelling temperature agarose in H2O (see Recipes) 

26. Antigen retrieval buffer (see Recipes) 
27. Blocking buffer (see Recipes) 

 
Equipment 
 

1. Dissection tools required for standard mouse perfusion, e.g., 

Straight iris scissors (Fine Science Tools, catalog number: 14058-11) 
Standard tweezers (Fine Science Tools, catalog number: 11027-12) 

Student Vannas Spring Scissors (Fine Science Tools, catalog number: 91501-09) 
2. Microwave 

3. Vibratome (Leica Biosystems) 
4. Heat block 

5. Confocal microscope 
 

Software 
 

1. ImageJ, Fiji (https://imagej.net/Fiji) 
2. Simple neurite tracer (Longair et al., 2011) (Included with Fiji, 

https://imagej.net/Simple_Neurite_Tracer) 
3. Microsoft Excel (https://products.office.com/en-gb/excel) 

 
Procedure 
 
A. Preparation of Tissue 

1. Prepare a 4% PFA solution in PBS. 
2. Fix mouse tissue by cardiac perfusion with 4% PFA solution. 

3. Carefully dissect out the brain and transfer to a 7 ml bijou. 
4. Post-fix in 4% PFA overnight at 4 °C. 

5. Wash the brain in PBS 3 times for 10 min each 
Note: Brains can be stored in PBS at 4 °C for a period of weeks. For long term storage at 4 °C 

0.01% sodium azide should be added. 

 

B. Vibratome Cutting 
1. Prepare a 2% agarose solution in H2O. 
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2. Heat the 2% agarose solution in a microwave until in solution and allow to cool until bottle can 

be held comfortably while the solution is still liquid. 
3. Position the brain in an embedding peel-a-way mould or homemade mould made from tinfoil 

(see Figure 1A). 
4. Pour the cooled agarose solution over the brain and reposition. 

5. Leave for at least 5 min until the agarose solution has set. 
6. Trim down excess agarose using a blade and glue the brain in agarose onto the vibratome 

specimen holder positioned so that the angle of the vibratome blade will cut flat coronal sections 
(see Figures 1B-1C). 

7. Secure the specimen holder onto the vibratome (see Figure 1C). 
8. Fill the buffer tray with PBS until the agarose is covered. 

9. Cut 100 µm coronal sections of the desired brain regions using a speed of 5 and frequency of 
7. 

10. Carefully collect sections with a paintbrush and transfer to the wells of 24-well plate containing 
PBS (see Figure 1D). 

 

 
Figure 1. Cutting coronal mouse brain sections. A. Mouse brain placed in a homemade foil 

mould. B. Mouse brain embedded in 2% agarose with excess cut off. C. Embedded brain glued 
to specimen holder and secured in place on the vibratome. D. 100µm coronal brain sections in 

a 24-well plate. 
 

C. Immunofluorescence 
1. Using a paintbrush carefully transfer the brains sections to Eppendorf tubes contacting 1 ml of 

antigen retrieval buffer (10 mM citrate, 0.05% Tween, pH 6). 
2. Transfer tubes to a preheated heat block set at 95 °C for 20 min. 

3. Carefully remove sections from the tubes and transfer back to PBS in a 24-well plate. 
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4. Using a pastette or P100 pipette carefully remove the PBS and add 250 µl blocking buffer (10% 

goat serum, 0.25% triton, in PBS) to each well. Leave for 2 h at room temperature on a shaker. 
5. Remove blocking buffer and add primary CNPase antibody (1:2,000) in blocking buffer for 36-

48 h at 4 °C on a shaker. 
Note: Other primary antibodies can be used in conjunction with CNPase, see materials and 

reagents section for suggestions. 

6. Remove primary antibody and wash sections with PBS 3 x 1 h at room temperature on a shaker. 

7. Remove PBS and add Alexa fluorophore-conjugated mouse secondary antibody (1:1,000) in 
blocking buffer overnight at 4 °C on a shaker. 

8. Remove secondary antibodies and wash sections in PBS for 3 x 1 h at room temperature. 
9. Stain with a nuclear marker for 20 min at room temperature. 

10. Mount sections on to superfrost slides using fluoromount G and secure with cover glass. 
 

D. Analysis of Myelin Sheath Number and Length 
1. Using a confocal microscope at 63x magnification and a z step size of 0.5 µm, image individual 

CNPase positive oligodendrocytes in the sparsely myelinated layers II-III of the mouse cortex 
(Figure 2). 

Note: Prior to imaging, slides and images should be suitably blinded, e.g., using the filename 

randomiser plugin on Fiji. 

 

 
Figure 2. The sparsely myelinated upper layers of the mouse grey matter. Layers II-III and 
IV (dashed area) of the mouse cortex is sparsely myelinated. Due to this oligodendrocyte 

morphologies, the number and length of myelin sheaths generated, can be assessed. In the 
deeper layers of the cortex and white matter, the number of oligodendrocytes does not allow 

confident analysis of myelination. CNPase–green, Hoechst–blue. Scale bar = 100 µm. 
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2. Open ImageJ–Fiji. Select Plugins  Segmentation  Simple neurite tracer. 

Note: Check here for more detailed instructions on how to use simple neurite tracer. 

3. Using simple neurite tracer move through the z-stack and follow the thin processes connecting 

the cell body to the myelin sheaths–signal intensity is much brighter in myelin sheaths compared 
to the fine processes (Figure 3). 

Note: Only analyze oligodendrocytes with all complete myelin sheaths present within the    

100 µm section as assessed by following each process from the cell body and ensuring none 

exit the section. To achieve this aim to image cells in the middle of the 100 µm section. 

 

 
Figure 3. Thin CNPase positive processes connect cell body (asterisk) to myelin sheaths 
(arrowheads depicting start and end of example sheaths). 

 
4. To measure a myelin sheath in 3-dimensions click at the start of a myelin sheath. The start of a 

sheath can be defined where bright sheath signal begins but not the end of the section or image. 
Move through the z-stack and follow the sheath. Click along the sheath and accept the path (y) 

if the sheath has traced correctly or cancel (n) if incorrect. At the end of a sheath select finish 
path (f). Ends of sheaths can be defined where signal ends but not the end of the section or 

image. 
Note: Ends of myelin sheaths can also be confirmed with Caspr staining, see materials and 

methods for a Caspr antibody. 

5. The length in microns of completed sheaths are recorded in the “All Paths” box. 

6. Return to the oligodendrocyte cell body and trace another process to a different sheath and 
measure as above. 

7. When all sheaths from one cell have been measured, select “File” from the tracing window, then 
“Export as CSV…” 

8. A Microsoft Excel file will be created containing the lengths of myelin sheaths measured. 
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Note: In wild type mice we have observed oligodendrocytes generate an average of 50 myelin 

sheaths per cell with a range from 25-70. Myelin sheaths length can range from 5 µm up to over 

150 µm. 

 
Data analysis 
 

1. From the Excel file generated the lengths of myelin sheaths measured can be plotted and 

analyzed in various forms (e.g., Swire et al., 2019; Vasistha et al., 2019). For example, sheath 
lengths can be binned and a frequency distribution generated. 

2. By counting the number of sheaths measured from one individual oligodendrocyte the number 
of myelin sheaths generated per cell can be plotted. 

3. When data from suitable numbers of oligodendrocytes and cells have been analyzed, relevant 
statistical tests can be performed to identify changes to myelin sheaths number or length. 

 
Recipes 
 

1. 2% Low gelling temperature agarose in H2O 

2 g Low gelling temperature agarose 
100 ml distilled H2O 

2. Antigen retrieval buffer (10 mM citrate, 0.05% Tween, pH 6) 
2.94 g Tri-sodium citrate 

500 μl Tween-20 
1 L H2O 

3. Blocking buffer (10% goat serum, 0.25% triton, in PBS) 
1 ml goat serum 

25 μl Triton X-100 
8.975 ml PBS 
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