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[Abstract] This protocol aims to introduce methods for sacrificing rats by transcardial perfusion
and extracting the brain, and introduce methods for staining the rat brain tissue with c-Fos and Arc
antibodies. Please note the expression of the proteins is very sensitive to behavioral paradigm that
triggers neural activity.

Materials and Reagents

1.

c-Fos (raised in mouse, 1:1,000 dilution) (Santa Cruz Biotechnology, catalog number:
sc-8074)

2. Arc (raised in rabbit, 1:1,000 dilution) (Synaptic Systems, catalog number: 156002)
3. c-Fos IHC, Alexa antimouse Fluor 488 (Life Technologies, Invitrogen™, catalog number:
51663A)
4. Arc IHC, Cy3-conjugated donkey anti-rabbit secondary antibody with 1:500 dilution
(Jackson Laboratory, catalog number: 88069)
5. Euthasol (Virbac, catalog number: 710101)
6. Vectashield (Vector laboratory, catalog number: H-1000)
7. PFA powder
8. 0.1 M PBS (pH 7.4)
9. TritonX-100
10. NaHPO4
11. NaH2PO4
12. Paraformaldehyde (PFA)
13. NaOH
14. NaCl
15. Sucrose
16. Eythlen glycol (RNAse free) (Sigma-Aldrich, catalog number: E9129)
17. Glycerol (RNase free)
18. Phosphate buffer (PB) (0.2 M stock, pH 7.4) (Solution 1) (see Recipes)
19. 4% Paraformaldehyde (PFA) for transcardial perfusion (Solution 2) (see Recipes)
20. 0.9% Saline (Solution 3) (see Recipes)
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21. 30% sucrose in 4% PFA used as cryoprotectant (Solution 4) (see Recipes)
22. Phosphate buffer saline (PBS) (Solution 5) (see Recipes)
23. Cryoprotectant (Solution 6) (see Recipes)
24. Normal donkey serum containing 0.25% Triton-100 (see Recipes)
25. Primary Antibody (see Recipes)
26. Secondary Antibody (see Recipes)

Equipment

1. Fume hood
2. Water tab
3. Rib cage
4. Scissors
5. Forceps
6. Clippers
7. Cannula
8. Vial
9. Parafilm
10. Refrigerator
11. Tinfoil
12. Coverslip

Procedure

A. Perfusion
1. To prepare solution, please refer to recipes. Let the solution flow by gravity (e.g. hanging
bottles on top of the fume hood). About 250 ml/ rat is required.
2. Prepare all equipment needed (scissors, forceps, clippers to hold hands/feet…etc).
Note: Better to work close to the water tab (for rinsing out the coagulated blood during
perfusion).
3. Anesthetize the animal (overdosed with pentobarbital, 0.5 ml-1 ml/rat depending on
weight) at least 30 min after behavioral treatment (this time allows protein synthesis).
4. Pinch the toes to check the animal is fully asleep.
5. Locate the sternum and poke into it using a scissor.
6. Cut the chest cavity in V shape above the liver.
7. Hold the sternum with a clip, and flip over the head to open the rib cage.
Copyright © 2012 The Authors; exclusive licensee Bio-protocol LLC.

2

http://www.bio-protocol.org/e191

Vol 2, Iss 10, May 20, 2012

*(optional) pinching the aorta behind the liver will help blood circulation into the brain. After
pinching the aorta, let the forelimbs/hindlimbs relax (if clamped).
8. Insert a cannula connected to the solution bottle into the apex of the heart near the left
ventricle. Hold the cannula so that it is slightly pointing towards the right atrium.
9. Start the saline flow.
10. Immediately, cut (~0.3 cm) the right atrium.
11. Rinse as necessary to remove the coagulated blood. You can try scraping out the debris
using a forcep.
12. Once the solution turns transparent (no more red blood cells), let the PFA flow (if you need
immediate fixation, fix with PFA. No need to wait for the solution turning transparent).
13. Leave until the solution is used up (could be longer than 20 min depending on the flow rate,
weight…etc). If you see solution drops coming out of nostrils, it is a good sign.
14. Extract the brain out of the skull carefully.
15. Prepare a vial (tube) for each brain filled with cryoprotectant (solution 6).
16. Store until the brain sinks to the bottom. Replacing the solution every day or so is
recommended.
17. For longer storage, embed in the OCT compound and store at -80 °C until use.
Note: If you choose to cut the coronal sections using cryostat:
Cut the tissue at 30 μm (could be in the range of 25-50 μm).
Free-floating method: Collect the sections in 24 well. Store in PBS (pH 7.4, 0.1 M) under
4 °C. Work immediately, if possible. Otherwise, store in cryoprotectant (solution 6) under
-20 °C.

B. Immunohistochemistry (IHC, Free-floating method)
Note: If sections are mounted onto a slide immediately after cut, about 0.3 ml working solution
is needed per slide. This method will help you save some antibodies. The disadvantage is that
antibody may not be penetrating the tissue as effectively as in free-floating method. Also,
slides might be easily dried out.
For free-floating method, ~0.5 ml is required per well. For 30 μM-thick sections, about 7-8
sections can undergo identical treatment within a well. Use a dropper with a very thin tip to
drain out solutions. Make sure the sections are not damaged during washing/solution change.
1. Start with washing in PBS (3 times, 5 min each).
2. Block the tissue with normal donkey serum containing 0.25% Triton-100. 1 h at room
temperature (RT).
3. Prepare primary antibody in the blocking solution.
*Vortex briefly for diluting an antibody.
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Primary antibody incubation carried out over night at 4 °C. Wrapping the well with parafilm
will prevent dehydration. For immediate results, one could incubate at RT for ~2-3 h.
Overnight incubation is recommended for sufficient antibody incubation.
4. Take the well out of refrigerator and let it sit at RT for ~1 h.
5. Wash with PBS (3 times, 5 min each).
6. Secondary antibody incubation under RT 1-2 h.
7. Following incubation, wash with PB (NOT PBS!) for 3 times, 5 min each.
8. Mount the sections carefully onto slides. Air dry while covered on top (with tinfoil, or any
type of lid that prevents light).
9. Apply a drop of Vectashield (Vector laboratory) before coverslipping.
10. For storage, keep at -80 °C.

Recipes

1. Solution 1: Phosphate buffer (PB) (0.2 M stock, pH 7.4)
Monobasic NaP

ddH2O (double-distilled) 250 ml
NaH2PO4 6.9 g

Dibasic NaP

ddH2O 1 L
NaHPO4 28.4 g

In ~100 ml of Monobasic NaP, start adding Dibasic NaP. Measure pH while
adding Dibasic (~600-800 ml may be needed).
Dilute this 0.2 M stock solution by 1/2 using ddH2O.

2. Solution 2: 4% Paraformaldehyde (PFA) for transcardial perfusion (make fresh for each
use. Storage of up to 3-4 days okay)
To make 1 L of PFA:
Heat 900 ml ddH2O to 60 °C (Do NOT exceed 70 °C)
Add 40 g of PFA powder in the fume hood. Stir ~5 min
Add 10 drops of 2N NaOH until the solution gets clear (could take a couple of min). Keep
stirring
Remove from heat and add 100 ml of 0.1 M PB (Solution1)
Filter and store at 4 °C overnight. Filtration is crucial; otherwise, the PFA debris will clog up
the blood vessel
Adjust pH at 4 °C (standardization required under this temperature prior to measurement).
3. Solution 3: 0.9% Saline (~500 ml required/ rat brain)
NaCl 9 g/L of ddH2O.
(Optional) add heparin for better circulation. 200 units/L of working solution recommended.
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4. Solution 4: 30% sucrose in 4% PFA used as cryoprotectant.
Store refrigerated
Add 30% (g) sucrose to freshly made 4% PFA (Solution 2)
5. Solution 5: Phosphate buffer saline (PBS)
0.01 M sodium phosphate in 0.9% saline
To make 5 L
Add 45 g NaCl, 250 ml of 0.2 M PB (Solution1) into 4.5 L of ddH2O
(Optional, but could be very helpful for perfusion) Add heparin (200 units/L working
solution) to prevent blood clotting
6. Solution 6. Cryoprotectant (for saving cut sections over a long term)
50% 0.05 M PB (dilute 0.2 M PB stock)
30% eythlen glycol (RNAse free)
20% glycerol (RNAse free)
7. Normal donkey serum containing 0.25% Triton-100
For 1 ml aliquot
25 μl of 10% Triton
875 μl of PBS
100 μl normal donkey serum
* Do not exceed 1% triton for brain tissues.
8. Primary Antibody
c-Fos
Arc
1 μl in 1,000 μl blocking solution
9. Secondary Antibody
c-Fos IHC, Alexa antimouse Fluor 488 in 1:500 dilution
Arc IHC, Cy3-conjugated donkey anti-rabbit secondary antibody with 1:500 dilution
Dilute antibodies in PBS (NOT blocking solution)
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