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REAGENTS & EQUIPMENT 
 
Reagents 
 
Perfusion and SHIELD processing solutions 

 SHIELD epoxy resin (GE38, CVC Thermoset Specialties) 
 1 M sodium phosphate buffer, sterile, pH 7.2 (P2072, TekNova) 
 5 M sodium chloride, sterile (S5845, TekNova) 
 32% paraformaldehyde (PFA) aqueous solution (15714-S, Electron Microscopy 

Sciences) 
 DI water 
 Heparin sodium salt (from porcine intestinal mucosa, H3393, Sigma-Aldrich) 
 1 M sodium carbonate with 0.02% sodium azide 

o 53 g of sodium carbonate (S7795, Sigma-Aldrich) 
o 0.1 g of sodium azide (S2002, Sigma-Aldrich) 
o Fill DI water up to 500 mL while completely dissolving powders and store at RT 

 1 M sodium bicarbonate with 0.02% sodium azide 
o 42 g of sodium bicarbonate (S5761, Sigma-Aldrich) 
o 0.1 g of sodium azide (S2002, Sigma-Aldrich) 
o Fill DI water up to 500 mL while completely dissolving powders and store at RT 

 Triton X-100 (X-100, Sigma-Aldrich) 
 
SDS clearing solutions 

 Sodium dodecyl sulfate (SDS) (L3771, Sigma-Aldrich) 
 Sodium sulfite (S0505, Sigma-Aldrich) 
 Boric acid (12680, Alfa Aeser) 
 Sodium hydroxide (S5881, Sigma-Aldrich) 

 
Optical clearing solutions (PROTOS) 

 Iohexol (Histodenz, D2158, Sigma-Aldrich) 
 Iodixanol (sc-211651B, Santa Cruz) 
 Diatrizoic acid (D9268, Sigma-Aldrich) 
 N-methyl-D-glucamine (M2004, Sigma-Aldrich) 
 2,2’-Thiodiethanol (TDE; 166782, Sigma-Aldrich) 
 Dimethylsulfoxide (DMSO) 
 Triethanolamine 
 (Optional): EasyIndex (LifeCanvas Technologies) 

 
Equipment 
 
SHIELD solution preparation 

 For small-scale production: 
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o Centrifuge: 5430R (Eppendorf), or any centrifuge that can hold 50 mL 
cornical tubes 

o 50 mL conical tubes 
 For large-scale production: 

o Mixer: JB7350 WHS PureMix Power Countertop Blender (Braun) 
o Centrifuge: Avanti J-26 XP (Beckman-Coulter), or any centrifuge that can 

hold 250 mL or 500 mL bottles  
o PPCO centrifuge bottles (3120-9500, Thermo Fisher Scientific), or similar 

 
Tissue clearing and destaining 

 Temperature controlled shaking water bath or EasyClear (LifeCanvas Technologies) 
 (optional) Custom-built ETC device or SmartClear (LifeCanvas Technologies) 

 
Sample mounting for confocal microscopy 

 Slide Glass (12-550-14G, Fisherbrand) 
 Cover Glass (48393070, VWR) 
 Blu-Tack (Bostik) 
 WillCo dish (GWSB-5030, WillCo Wells) 

 

REAGENT SETUP 
 
Phosphate buffer (50 mL per mouse) 

1. Combine the following: 
 5 mL of 1 M sodium phosphate buffer 
 0.5 mL of 5 M NaCl 
 10 U / mL of heparin 
 Fill DI water up to 50 mL 

2. Incubate the solution on ice before use. 
 

SHIELD perfusion solution (small-scale production, yielding ~40 mL, for one mouse) 

*Make fresh prior to perfusion. 

1. Combine in the following order in a 50 mL conical tube 
 10 g of SHIELD epoxy resin 
 5 mL of 1 M sodium phosphate buffer 
 0.5 mL of 5 M NaCl 
 6.25 mL of 32% PFA solution 

2. Fill DI water up to 50 mL 
3. Voltex for 1 minute at maximum intensity. The resulting solution should be white and 

thoroughly mixed. 
4. Centrifuge for 10 minutes at 4 ºC and 7200 r.c.f. 
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5. Pour the supernatant into a separate conical tube. Be careful not to take out the 
insoluble resin. The supernatant should be clear without any debris or haze. If it is 
not clear, repeat the centrifugation step and collect the supernatant again in a new 
tube. 

6. Incubate the solution on ice before use. 
 

SHIELD Off solution (small-scale production, yielding ~40 mL, for two mice) 

*Can be stored at 4 ºC for up to 3 days before use 

1. Combine in the following order in a 50 mL conical tube 
 10 g of SHIELD epoxy resin 
 5 mL of 1 M sodium phosphate buffer 
 0.5 mL of 5 M NaCl 

2. Fill DI water up to 50 mL 
3. Vortex for 1 minute at maximum intensity. The resulting solution should be white and 

thoroughly mixed. 
4. Centrifuge for 10 minutes at 4 ºC and 7200 r.c.f. 
5. Pour the supernatant into a separate conical tube. Be careful not to take out the 

insoluble resin. The supernatant should be clear without any debris or haze. If it is 
not clear, repeat the centrifugation step and collect the supernatant again in a new 
tube. 

6. Incubate the solution on ice before use. 
 

SHIELD perfusion solution (large-scale production, yielding ~800 mL, for ~20 mice) 

*Make fresh prior to perfusion. 

1. During the first preparation, mark volume guide lines for 160, 875 and 1000 mL on 
the mixer cup. 

2. Combine in the following order in a mixer: 
a. 160 mL of SHIELD epoxy resin, according the guide line marked in step 1. 
b. 100 mL of 1 M sodium phosphate buffer 
c. 10 mL of 5 M NaCl 

3. Fill ice-cold DI water up to 875 mL, according to the guide line marked in step 1. 
4. Mix for 1 minute at 4 ºC. The resulting solution should be white and thoroughly 

mixed. 
5. Aliquot the solution into centrifuge bottles, and centrifuge for 10 minutes at 4 ºC and 

4000 r.c.f.  
6. Pour the supernatant into a separate bottle. Be careful not to take out the insoluble 

resin. The supernatant should be clear without any debris or haze. If it is not clear, 
repeat the centrifugation step and collect the supernatant again.  

7. Collect the supernatant of multiple centrifuge bottles into a one container. Measure 
the volume of the supernatant and calculate 1/7th of the volume. Add the calculated 
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volume of 32% PFA solution into the supernatant (final PFA concentration: 4 %) and 
mix well. 

8. Incubate the solution on ice before use. 
 

SHIELD Off solution (large-scale production, yielding ~800 mL, for ~40 mice): 

*Can be stored at 4 ºC for up to 3 days before use 

1. During the first preparation, mark volume guide lines for 160, 875 and 1000 mL on 
the mixer cup. 

2. Combine in the following order in a mixer: 
a. 160 mL of SHIELD epoxy resin, according the guide line marked in step 1. 
b. 100 mL of ice-cold 1 M sodium phosphate buffer 
c. 10 mL of 5 M NaCl 

3. Fill ice-cold DI water up to 1 L, according to the guide line marked in step 1. 
4. Mix for 1 minute at 4 ºC. The resulting solution should be white and thoroughly 

mixed. 
5. Aliquot the solution into centrifuge bottles, and centrifuge for 15 minutes at 4 ºC and 

4000 r.c.f.  
6. Pour the supernatant into a separate bottle. Be careful not to take out the insoluble 

resin. The supernatant should be clear without any debris or haze. If it is not clear, 
repeat the centrifugation step and collect the supernatant again.  

7. Collect the supernatant of multiple bottles into one container and mix well. 
8. Incubate the solution on ice before use. 

 

SHIELD On solution (40 mL for one mouse brain): 

      Combine the following: 

 2 mL of 1 M sodium carbonate.  
 2 mL of 1 M sodium bicarbonate.  
 36 mL of DI water 

 pH of this solution should be ~10. 
 

SDS clearing solution (40 mL for one mouse hemisphere): 

1. Add ~1 L of DI water into a 2 L glass bottle 
2. Add the following 

 1.24 g of boric acid 
 25.2 g of sodium sulfite 
 173 g of SDS 

3. Stir until powders are completely dissolved. Add DI water up to 2 L 
4. Adjust pH to 9.0 by adding 5 M NaOH 
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Iodixanol-based PROTOS 

1. Add 100 mL of DI water into a 500 mL glass bottle 
2. Add the following: 

 55 g of iodixanol 
 50 g of diatrizoic acid 
 40 g of N-methyl-D-glucamne  

3. Adjust refractive index to 1.458 by adding DI water 
 

Iohexol-based PROTOS 

1. Add 100 mL of DI water into a 500 mL glass bottle 
2. Add the following: 

 125 g of iohexol 
 3 g of diatrizoic acid 
 5 g of N-methyl-D-glucamne  

3. Adjust refractive index to 1.458 by adding DI water 
 

PROCEDURE 
 
SHIELD perfusion and preservation  
 

1) Anesthetize a mouse with 0.05 mL of FatalPlus (pentobarbital) or other anesthetics 
via intraperitoneal injection. 

2) Transcardially perfuse with ice-cold phosphate buffer followed by 20 mL of ice-cold 
SHIELD perfusion solution (flow rate: 5 mL / min). 

o Perfuse with the phosphate buffer until the fluid running from the animal is 
completely clear. 

o Be careful not to introduce air bubbles inside the tubing. 
o If the perfusion solution comes out of the mouth or the lungs swell, adjust the 

position of the needle tip in the heart. 
3) Dissect out and incubate the brain in 15-20 mL of ice-cold SHIELD perfusion solution 

at 4°C for 48 hours with shaking.  
4) Transfer the brain to 20 mL of pre-chilled SHIELD Off solution and incubate at 4°C 

for 24 hours with shaking. 
a. To process hemispheres, cut the brain into hemispheres using a razor blade 

prior to this step. 
5) Transfer to 40 mL of SHIELD On solution (preheated to 37°C for 20 minutes). 

Incubate at 37°C for 24 hours with shaking. Tissue gelation is now completed. 
CRITICAL STEP: It is necessary to preheat SHIELD On solution to 37°C prior to 
brain incubation to prevent diffusion of GE38 out of the tissue surface at RT, which 
will lead to underfixation and deformation of tissue surface. 
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6) Wash sample in 1X PBS with 0.02% sodium azide at RT, O/N. 
<Pause point> After gelation, samples can be stored in 1X PBS with 0.02% 
sodium azide at 4 °C for several months without significant loss of 
fluorescence signal or structural integrity. 

Delipidation 

1) If applicable, slice the brain to the appropriate size. 
2) To clear the tissue, transfer to ~40 mL of SDS clearing solution. Clear until the tissue 

is homogenously translucent throughout depth of the tissue. 
a. [Passive clearing] 37-60 °C with shaking is recommended. Higher 

temperatures will clear tissue faster with poorer retention of fluorescence 
signal. 45 °C can clear a mouse brain hemisphere in 2-3 weeks. 

b. [Active clearing] 40-45 °C can clear a hemisphere in 3 days, yielding better 
retention of fluorescence signal than in passive clearing. 

3) After clearing, rinse the brain at 37 °C in 1X PBS containing 1% Triton-X and 0.02% 
sodium azide for more than 24 hours (with 2 or 3 times of exchanges of the washing 
solution; ~5 hours for sections thinner than 1 mm) to completely wash out SDS. 

<Pause point> After this step, samples can be stored in 1X PBS with 0.02% 
sodium azide at 4 °C for several months without significant loss of fluorescence 
signal or structural integrity. Remaining SDS in tissue can cause SDS 
crystallization at 4 °C.  

(Optional) The cleared and washed brain can be sliced with a vibratome after 
mounting in agarose gel (2% in 1X PBS with 0.02% sodium azide)  

 

Optical clearing 

For volumetric imaging, delipidated SHIELD samples must be equilibrated in optical 
clearing solution. Incubate the sample in PROTOS or EasyIndex with proper shaking at 
37 °C using EasyClear or shaking water bath. Use 1 mL, 5 mL, 25 mL, and 50 mL of 
PROTOS for clearing 100 µm-thick, 1 mm-thick, intact mouse hemisphere, and intact 
mouse brain, respectively.  

The duration of the incubation in PROTOS or EasyIndex depends on sample thickness. 
100 µm-thick slices can be cleared within 10 minutes, whereas intact mouse brains require 
overnight incubation. After optical clearing, the sample should be clear enough to be 
visibly transparent throughout. If the solution immediately surrounding the sample seems 
inhomogeneous, it suggests that the sample has not yet fully equilibrated with the solution 
and requires further incubation.  

 
Sample mounting 

1. Form a Blu-Tack “worm” slightly thicker (~0.5 mm) than the samples. Lay this “worm” 
in a circle around the center of a slide glass (Fig. 1A). 
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2. Use a pipette tip to seal the Blu-Tack and slide glass surface by pressing down the 
Blu-Tack along the outside edge of the circle (Fig. 1B). 
　CRITICAL STEP Sealing Blu-Tack can prevent PROTOS from slipping between the 
Blu-Tack and slide glass, and also from the evaporation and drying during storage. 
 
3. Place samples inside this circle (Fig. 1C). Ensure that the surface of the samples are 
wet with PROTOS. Be careful not to wet the Blu-Tack circle with PROTOS. The entire 
circle does not need to be filled with PROTOS, unless samples are to be stored for an 
extended period of time. 
　CRITICAL STEP If long term storage of the sample is intended, see the end of this 
procedure for details. 
 
4. Place a clean “covering dish” (WillCo dish) on top of the Blu-Tack circle, pressing 
down until it comes into contact with the surface of the samples (Fig. 1D). 
　CRITICAL STEP Ensure no bubbles are formed between the covering dish and the 
samples. Bubbles can distort images. 
 
5. Place the slide under the microscope’s water objective. Fill the “covering dish” with 
enough water so that a column of water forms between the objective and the dish upon 
lowering the objective (Fig. 1E). 
　CRITICAL STEP Ensure no bubbles are formed between the objective and the dish. 
Bubbles can disrupt imaging. 
 
Note: This set up works for objectives with low numerical apertures, which are less 
sensitive to the differences of the refractive index in the media between the objective 
lens and the imaging plane.  
 
Note: For extended slide preservation, leave the circle of Blu-Tack disconnected. Seal 
the Blu-Tack to the slide glass surface except for a small opening as described above. 
Press on the “covering dish” until it makes contact with the samples. Use a pipette to fill 
the space between the slide glass and “covering dish” with PROTOS through the small 
opening. Use glue or epoxy to seal this opening. These samples can now be stored for 
an extended time. 
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Fig. 1 Sample Mounting Diagram. A) Place a Blu-Tack ring slightly thicker than the sample on a 
glass slide. B) Seal the Blu-Tack to the slide using a pipette tip. C) Place the samples in the 
center and keep them wet with PROTOS. D) Press on a covering dish until it comes in contact 
with the sample surface. E) Place the slide under the water objective lens, filling the covering 
dish with water until it forms a column of water with the lowered objective lens. 
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