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Abstract Objective: To demonstrate the simple principle that a ‘protective recovery’ method is better for preparing 
acute brain slices from adult and aging animals compared to the established ‘protective cutting’ method.

Figure 5: Demonstration of robust neuronal silencing in acute brain 
slices from 8 month old mature adult Thy1-NpHR2.0-EYFP Tg mice.

Figure 3: Live imaging with Thy1-GCAMP3.3 Tg mice reveals 
improved functional integrity of adult brain slices prepared 
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Figure  1: Rapid neuronal swelling and subsequent shriveling in acute 
brain slices prepared from 5 month old adult mice with the standard 
‘neuroprotective’ cutting method.

Results

NMDG recovery method

with the NMDG recovery method.Acute brain slices are invaluable to the study of synaptic transmission and
circuitry function. Surprisingly, the vast majority of patch clamp neurophysiology studies
on acute brain slices have utilized juvenile or adolescent animals, which can be
attributed to the high resilience of immature brain tissue when subjected to the trauma
of the slicing procedure. Here we present a modified acute brain slice preparation
method that enables routine preparation of healthy tissue from adult and aging mice.
This method is based on the striking principle that sodium ion replacement during the
initial recovery period following slicing (as opposed to during the actual slicing
procedure itself) yields far superior neuronal preservation compared to standard
approaches. Furthermore, we find that sodium ion replacement with equimolar
sucrose—the most widely used strategy since its initial description over 20 years ago1—
is adequate for juvenile brain slice preparations but inferior for adult brain slice
preparations. We provide morphological and functional evidence that our modified
‘protective recovery’ method greatly improves the preservation of neurons in acute brain
slices from mature adult mice. We also demonstrate the application of this method for
optogenetics including both activation and silencing of neurons with Channelrhodopsin

Preliminary data on mouse brain slices from aged mice:
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'protective cutting' method 'protective recovery' method
Transcardial perfusion: sucrose aCSF (0-2°C) standard aCSF (0-2°C) 

Brain Slicing: sucrose aCSF (0-2°C) standard aCSF (0-2°C) 
Initial recovery: standard aCSF (32-34°C) NMDG aCSF (32-34°C) 

30 min ≤15 min
Additional recovery: standard aCSF (room temp) standard aCSF (room temp)

minimum 30 min additional minimum 60 min additional

Methodology
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Perfusion/cutting: 0-2⁰C Sucrose aCSF
Initial recovery:     32-34⁰C standard aCSF

Perfusion/cutting: 0-2⁰C NMDG aCSF
Initial recovery:     32-34⁰C standard aCSF

Recommended optimal protocols for acute brain slice preparation 
across the mouse lifespan using the ‘protective recovery’ principle:

optogenetics, including both activation and silencing of neurons with Channelrhodopsin
(ChR2) and Halorhodopsin (NpHR), in acute brain slices from mature adult mice to
demonstrate the broad applicability of this method in the field of neuroscience. The
improved principles and techniques that we have developed will facilitate analysis of
brain function in mature animals and will allow unprecedented cellular and circuitry level
investigations into normal aging and age-dependent neurological disorders.

• Perform transcardial perfusion, slicing, and initial recovery in tris, 
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•Age-matched 5 month old C57BL6/J mice were used in all comparison experiments.  
Mice older than 5 months were used in some experiments as indicated.

•Acute brain slices were prepared on a Compresstome VF-200  (Precisionary 
Instruments) using custom zirconium ceramic blades.

•Mice were deeply anesthetized and transcardial perfusions were performed with 30 
mL of ice-cold carbogenated cutting solution.
•Total cutting time did not exceed15 minutes per brain, including the transcardial 
perfusion steps.  (Cutting alone was  ≤10 minutes).

•Slices were transferred immediately to a recovery bucket with carbogenated solution 
at 34°C ±2°C.

•Slices were transferred to a recording chamber containing normal aCSF at room 
temperature for visual and functional evaluation.

•Still images were captured with a frame grabber (Scion FG Capture) using IR900-DIC 
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• Choice of particular modified aCSF formula depends on the age of 
animals used for preparing brain slices (see diagram below).

• Exact recovery duration will to some extent depend on the exact cell 
type targeted, recovery temperature, and choice of modified aCSF.
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Figure 4: Optogenetic control of neuronal firing in acute brain 
slices from 8 month old mature adult mice.

optics at a depth of 40-50 µm (cortex and striatum) or 20-40 µm (hippocampal 
subregions). Images were acquired with a 40X water immersion objective.

•IR900-DIC videos were acquired  (CamStudio) to show the slice quality from the cut 
surface to ~100 µm below the surface using10 µm step increments.

• Live imaging experiments were performed on age-matched  5 month old Thy1-
GCAMP3.3 mice (unpublished) using an Olympus FluoView FV1000 confocal 
microscope.

•Whole-cell patch clamp recording experiments were performed under visual guidance 
withIR900-DIC optics using  standard recording methods.  (See also Peca et al, 2011 
Nature & Zhao et al, 2011 Nature Methods for more detailed information).

Conclusions
• Sodium-ion replacement during the initial brain slice recovery
period alone provides dramatic improvements to neuronal health
and survival compared to the ‘protective cutting’ method.
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Table 1: Comparison of approximate 
age equivalencies across species

NOTE: Choline aCSF recovery provides the most dramatic 
morphological preservation but is only recommended for brain 
slicing from aging animals since prolonged exposure can 
impair complete physiological recovery of the slice.
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Figure  2: Dramatically improved neuronal preservation in acute brain slices 
prepared from 5 month old adult mice with the NMDG recovery method.
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Table 2: Composition of solutions 
for acute brain slice preparation

aCSF Sucrose aCSF NMDG aCSF
N Cl 119 0 0

Work flow:

i.p. anesthetic injection Acknowledgements

• Sucrose is an ineffective sodium-ion substitute compared to NMDG for
preparing acute brain slices from adult and aging animals.

• Addition of HEPES, pyruvate, ascorbate, and thiourea in the modified
aCSF provides further improvements for brain slice preparation from
adult and aging brain (see recommended formulas above).

• These simple modifications enable routine preparation of healthy brain
slices from adult and aging brain for various applications.
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Mouse Rat Human
2 weeks 3 weeks <5 years

3-4 weeks 4-5 weeks 8 yrs
puberty  5-6 weeks 7-8 weeks 11-13 years

social maturity  3 months 5 months 18 years
Mature adult  6 months 9 months 30 years
Middle Aged  12 months 18 months 45 years

Old  18 months 24 months 60 years
Scenescent  24 months 30 months 75 years

Life span  28 months 34  months 80 years
( 50% mortality)  
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NMDG: N-methyl-D-glucamine

All solutions are in the range 300-310 
milli-Osmolar and pH 7.3-7.4
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• The adult slice method will facilitate patch clamp recordings from mature adult 
slices following behavioral testing in the mature adult stage.
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