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Abstract

This protocol is a practical guide for preparing acute coronal slices from the midbrain of

young adult mice for electrophysiology experiments. It describes two different sets of solu-

tions with their respective incubation strategies and two alternative procedures for brain

extraction: decapitation under terminal isoflurane anaesthesia and intracardial perfusion

with artificial cerebrospinal fluid under terminal isoflurane anaesthesia. Slices can be pre-

pared from wild-type mice as well as from mice that have been genetically modified or trans-

fected with viral constructs to label subsets of cells. The preparation can be used to

investigate the electrophysiological properties of midbrain neurons in combination with

pharmacology, opto- and chemogenetic manipulations, and calcium imaging; which can be

followed by morphological reconstruction, immunohistochemistry, or single-cell transcrip-

tomics. The protocol also provides a detailed list of materials and reagents including the

design for a low-cost and easy to assemble 3D printed slice recovery chamber, general

advice for troubleshooting common issues leading to suboptimal slice quality, and some

suggestions to ensure good maintenance of a patch-clamp rig.

Introduction

The acute brain slice remains an essential preparation for studying the nervous system [1]. For

decades, acute brain slices have been combined with the patch-clamp technique [2–4] for

investigating the biophysical and electrophysiological properties of different cell types in a

multitude of brain areas and animal species, including humans [5–10]. More recently, the

refinement of viral and gene-editing approaches and the development of techniques such as

optogenetics and single-cell transcriptomics have significantly expanded the range of questions

that can be investigated with this preparation [11–27].

Despite the long tradition of patch-clamp experiments and the many adaptations of slicing

protocol described in the literature [28–40], the success rate of the method and the quality of

the tissue can vary depending on the brain region of interest and the age of the animal. Before

starting a set of experiments in a brain area or animal age different from what is normally used
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in the home institution, it is important to test different combinations of solutions, brain

extraction methods, and incubation strategies in order to find the approach that reliably pro-

vides the best tissue quality. Here, we describe a step-by-step guide for obtaining acute coronal

slices from the midbrain of young adult mice (4–12 weeks old). This includes instructions for

preparing solutions and extracting the brain, a detailed list of materials and reagents, and trou-

bleshooting advice.

Materials and methods

The protocol described in this peer-reviewed article is published on protocols.io, https://dx.doi.

org/10.17504/protocols.io.8epv51pz5l1b/v6 and is included for printing as S1 File with this article.

Expected results

The protocol described here has been routinely used to obtain patch-clamp recordings from

midbrain neurons in acute slices containing the superior colliculus (SC) and periaqueductal

Fig 1. Targeted patch-clamp recordings in acute midbrain slices. A. Schematics illustrating the use of acute midbrain slices in

combination with other techniques to target neurons in a midbrain area of interest (PAG, in yellow). B. Example images from

experiments targeting midbrain neurons in different anatomical subdivisions of the PAG in the same slice. Scale bars are 1 mm.

Abbreviations indicate the different PAG subdivisions: dorsomedial (dmPAG), dorsolateral (dlPAG), lateral (lPAG), and

ventrolateral (vlPAG). C. (Left) Spontaneous electrical activity of a PAG neuron during a loose-seal cell-attached recording.

(Right) Voltage response to step current injections of a PAG neuron during a whole-cell recording.

https://doi.org/10.1371/journal.pone.0271832.g001
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gray (PAG) for investigating their biophysical properties and their role within the neural cir-

cuits controlling instinctive behaviours [18, 22, 25].

This method can be combined with the use of transgenic lines or viral strategies to target

genetically labelled subsets of neurons in the midbrain area of interest (Fig 1A) or any of its

anatomical subdivisions (Fig 1B). Furthermore, patch-clamp recordings in the cell-attached or

whole-cell configuration (Fig 1C) can be obtained while pharmacological, optogenetic, or che-

mogenetic manipulations are applied to the slice (Fig 1A).

Supporting information

S1 File. Preparation of acute midbrain slices containing the superior colliculus and peria-

queductal Gray for patch-clamp recordings. Step-by-step protocol, also available on proto-

cols.io.

(PDF)
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6. Madry C, Kyrargyri V, Arancibia-Cárcamo IL, Jolivet R, Kohsaka S, Bryan RM, et al. Microglial Ramifica-

tion, Surveillance, and Interleukin-1βRelease Are Regulated by the Two-Pore Domain K+ Channel

THIK-1. Neuron. 2018; 97(2):299–312.e6. Available from: https://linkinghub.elsevier.com/retrieve/pii/

S089662731731125X https://doi.org/10.1016/j.neuron.2017.12.002 PMID: 29290552

7. Gouwens NW, Sorensen SA, Berg J, Lee C, Jarsky T, Ting J, et al. Classification of electrophysiological

and morphological neuron types in the mouse visual cortex. Nat Neurosci. 2019; 22(7):1182–95. Avail-

able from: http://dx.doi.org/10.1038/s41593-019-0417-0 PMID: 31209381

8. McCauley JP, Petroccione MA, D’Brant LY, Todd GC, Affinnih N, Wisnoski JJ, et al. Circadian Modula-

tion of Neurons and Astrocytes Controls Synaptic Plasticity in Hippocampal Area CA1. Cell Rep. 2020;

33(2):108255. Available from: https://doi.org/10.1016/j.celrep.2020.108255 PMID: 33053337

9. Dorst MC, Tokarska A, Zhou M, Lee K, Stagkourakis S, Broberger C, et al. Polysynaptic inhibition

between striatal cholinergic interneurons shapes their network activity patterns in a dopamine-depen-

dent manner. Nat Commun. 2020; 11(1):5113. Available from: https://doi.org/10.1038/s41467-020-

18882-y PMID: 33037215

10. Campagnola L, Seeman SC, Chartrand T, Kim L, Hoggarth A, Gamlin C, et al. Local connectivity and

synaptic dynamics in mouse and human neocortex. Science. 2022; 375(6585). Available from: https://

www.science.org/doi/10.1126/science.abj5861

11. Chiang LW. Detection of gene expression in single neurons by patch-clamp and single-cell reverse tran-

scriptase polymerase chain reaction. J Chromatogr A. 1998; 806(1):209–18. Available from: https://

linkinghub.elsevier.com/retrieve/pii/S0021967398001563 https://doi.org/10.1016/s0021-9673(98)

00156-3 PMID: 9639890

12. Carlson GC, Coulter DA. In vitro functional imaging in brain slices using fast voltage-sensitive dye imag-

ing combined with whole-cell patch recording. Nat Protoc. 2008; 3(2):249–55. Available from: http://

www.nature.com/articles/nprot.2007.539 https://doi.org/10.1038/nprot.2007.539 PMID: 18274527

13. Hanemaaijer NAK, Popovic MA, Wilders X, Grasman S, Pavón Arocas O, Kole MHP. Ca2+ entry

through NaV channels generates submillisecond axonal Ca2+ signaling. Elife. 2020; 9:1–75. Available

from: https://elifesciences.org/articles/54566 https://doi.org/10.7554/eLife.54566 PMID: 32553116

14. Vale R, Campagner D, Iordanidou P, Pavón Arocas O, Tan YL, Vanessa Stempel A, et al. A cortico-col-

licular circuit for accurate orientation to shelter during escape. bioRxiv. 2020; Available from: https://doi.

org/10.1101/2020.05.26.117598

15. Kalmbach BE, Hodge RD, Jorstad NL, Owen S, de Frates R, Yanny AM, et al. Signature morpho-elec-

tric, transcriptomic, and dendritic properties of human layer 5 neocortical pyramidal neurons. Neuron.

2021; 109(18):2914–2927.e5. Available from: https://doi.org/10.1016/j.neuron.2021.08.030 PMID:

34534454

16. Bakken TE, Jorstad NL, Hu Q, Lake BB, Tian W, Kalmbach BE, et al. Comparative cellular analysis of

motor cortex in human, marmoset and mouse. Nature. 2021; 598(7879):111–9. Available from: https://

www.nature.com/articles/s41586-021-03465-8 https://doi.org/10.1038/s41586-021-03465-8 PMID:

34616062

17. Fratzl A, Koltchev AM, Vissers N, Tan YL, Marques-Smith A, Stempel AV, et al. Flexible inhibitory con-

trol of visually evoked defensive behavior by the ventral lateral geniculate nucleus. Neuron. 2021; 109

(23):3810–3822.e9. Available from: https://doi.org/10.1016/j.neuron.2021.09.003 PMID: 34614420

18. Berg J, Sorensen SA, Ting JT, Miller JA, Chartrand T, Buchin A, et al. Human neocortical expansion

involves glutamatergic neuron diversification. Nature. 2021; 598(7879):151–8. Available from: https://

www.nature.com/articles/s41586-021-03813-8 https://doi.org/10.1038/s41586-021-03813-8 PMID:

34616067

19. Callaway EM, Dong H-W, Ecker JR, Hawrylycz MJ, Huang ZJ, Lein ES, et al. A multimodal cell census

and atlas of the mammalian primary motor cortex. Nature. 2021; 598(7879):86–102. Available from:

https://www.nature.com/articles/s41586-021-03950-0 https://doi.org/10.1038/s41586-021-03950-0

PMID: 34616075

PLOS ONE Preparation of acute midbrain slices for patch-clamp recordings

PLOS ONE | https://doi.org/10.1371/journal.pone.0271832 August 11, 2022 4 / 6

https://www.annualreviews.org/doi/10.1146/annurev.ph.46.030184.002323
https://www.annualreviews.org/doi/10.1146/annurev.ph.46.030184.002323
http://www.ncbi.nlm.nih.gov/pubmed/6143532
https://linkinghub.elsevier.com/retrieve/pii/0165027089901313
https://linkinghub.elsevier.com/retrieve/pii/0165027089901313
https://doi.org/10.1016/0165-0270%2889%2990131-3
http://www.ncbi.nlm.nih.gov/pubmed/2607782
https://linkinghub.elsevier.com/retrieve/pii/S089662731731125X
https://linkinghub.elsevier.com/retrieve/pii/S089662731731125X
https://doi.org/10.1016/j.neuron.2017.12.002
http://www.ncbi.nlm.nih.gov/pubmed/29290552
http://dx.doi.org/10.1038/s41593-019-0417-0
http://www.ncbi.nlm.nih.gov/pubmed/31209381
https://doi.org/10.1016/j.celrep.2020.108255
http://www.ncbi.nlm.nih.gov/pubmed/33053337
https://doi.org/10.1038/s41467-020-18882-y
https://doi.org/10.1038/s41467-020-18882-y
http://www.ncbi.nlm.nih.gov/pubmed/33037215
https://www.science.org/doi/10.1126/science.abj5861
https://www.science.org/doi/10.1126/science.abj5861
https://linkinghub.elsevier.com/retrieve/pii/S0021967398001563
https://linkinghub.elsevier.com/retrieve/pii/S0021967398001563
https://doi.org/10.1016/s0021-9673%2898%2900156-3
https://doi.org/10.1016/s0021-9673%2898%2900156-3
http://www.ncbi.nlm.nih.gov/pubmed/9639890
http://www.nature.com/articles/nprot.2007.539
http://www.nature.com/articles/nprot.2007.539
https://doi.org/10.1038/nprot.2007.539
http://www.ncbi.nlm.nih.gov/pubmed/18274527
https://elifesciences.org/articles/54566
https://doi.org/10.7554/eLife.54566
http://www.ncbi.nlm.nih.gov/pubmed/32553116
https://doi.org/10.1101/2020.05.26.117598
https://doi.org/10.1101/2020.05.26.117598
https://doi.org/10.1016/j.neuron.2021.08.030
http://www.ncbi.nlm.nih.gov/pubmed/34534454
https://www.nature.com/articles/s41586-021-03465-8
https://www.nature.com/articles/s41586-021-03465-8
https://doi.org/10.1038/s41586-021-03465-8
http://www.ncbi.nlm.nih.gov/pubmed/34616062
https://doi.org/10.1016/j.neuron.2021.09.003
http://www.ncbi.nlm.nih.gov/pubmed/34614420
https://www.nature.com/articles/s41586-021-03813-8
https://www.nature.com/articles/s41586-021-03813-8
https://doi.org/10.1038/s41586-021-03813-8
http://www.ncbi.nlm.nih.gov/pubmed/34616067
https://www.nature.com/articles/s41586-021-03950-0
https://doi.org/10.1038/s41586-021-03950-0
http://www.ncbi.nlm.nih.gov/pubmed/34616075
https://doi.org/10.1371/journal.pone.0271832
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