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ANESTHESIA

Putting early sensory neurons 
to sleep
Neurons that transmit information from the retina to other parts of the 
brain are more affected by anesthesia than previously thought.

JULIA FADJUKOV AND GREGORY SCHWARTZ

To better understand how animals sense 
their environment, studies measuring brain 
activity need to include neural recordings in 

awake behaving animals (Steinmetz et al., 2018; 
Chorev et al., 2009). However, such experiments 
are often difficult to conduct, and researchers 
also need to consider how the stimulus is applied 
and account for behaviors that may impact the 
stimulus being measured. Active sensation, such 
as sniffing or eye movements, can make it chal-
lenging to control and quantify a stimulus to the 
extent required for many analyses (Deschênes 
et al., 2012; Land, 1999).

Experiments in awake animals capture more 
natural behavior, while those conducted in 
anesthetized animals or acute brain slices allow 
sensory stimuli to be controlled more tightly. 
The latter can also identify more mechanistic 
details of the brain structures involved in sensory 
processing. Thus far, it has been widely assumed 
that neurons behave similarly enough across 
these different conditions so that insights from 
one type of experiment can be translated to 
another.

However, the effects of anesthesia (and brain 
slicing) on various parts of the central nervous 
system have been a topic of considerable atten-
tion (Hao et  al., 2020). For example, cognitive 

behaviors, like attention and motivational state, 
which have a large impact on neural activity, are 
absent in anesthetized animals (Hembrook- Short 
et  al., 2017; Rossi et  al., 2013). But neurons 
in early sensory systems, such as the retina, 
already process much of the neural code before 
it is even transmitted to the brain visual centers. 
These early sensory systems thus receive limited 
feedback from the brain and are thought to be 
less affected by anesthesia (Gastinger et  al., 
2006). Now, in eLife, Tom Boissonnet, Matteo 
Tripodi and Hiroki Asari at the EMBL Rome and 
the Université Grenoble Alpes report new find-
ings that challenge this assumption (Boissonnet 
et al., 2023).

Boissonnet et al. recorded and compared 
how the output neurons of the retina (the retinal 
ganglion cells) responded to light in awake 
animals, in anesthetized animals and in exper-
imentally isolated retinas. Activity levels of 
the ganglion cells in the isolated retinas were 
recorded through spike recordings. For record-
ings in living animals, Boissonnet et al. inserted 
electrical probes directly into the optic tract, 
the nerve bundle that relays visual information 
to the brain. Boissonnet et al. then applied full- 
field light modulation to stimulate the entire 
retina with light of equal intensity to avoid the 
effects of eye movements, and also accounted 
for pupil constriction. This allowed them to give 
the retina nearly identical stimuli across the three 
conditions.

The study revealed that ganglion cells in 
awake animals were able to respond to substan-
tially higher temporal frequencies of light stimuli 
than ganglion cells in an animal under anesthesia 
or ganglion cells in isolated retinas. Isolated 

Related research article Boissonnet 
T, Tripodi M, Asari H. 2023. Awake 
responses suggest inefficient dense 
coding in the mouse retina. eLife 
12:e78005. doi: 10.7554/eLife.78005

https://en.wikipedia.org/wiki/Open_access
https://creativecommons.org/
https://elifesciences.org/?utm_source=pdf&utm_medium=article-pdf&utm_campaign=PDF_tracking
https://doi.org/10.7554/eLife.93339
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.7554/eLife.78005
http://dx.doi.org/10.7554/eLife.78005
http://dx.doi.org/10.7554/eLife.78005
http://dx.doi.org/10.7554/eLife.78005
https://doi.org/10.7554/eLife.78005


       Insight

Fadjukov and Schwartz. eLife 2023;12:e93339. DOI: https:// doi. org/ 10. 7554/ eLife. 93339  2 of 3

Anesthesia | Putting early sensory neurons to sleep

retinas also showed markedly lower spiking 
activity (Figure 1).

As with many innovative approaches, the 
study of Boissonnet et al. raises at least as 
many new questions as it answers. Contrary to 
previous hypotheses, anesthesia appears to 
have profound effects even at the early stages of 
visual processing within the retina. From a mech-
anistic perspective, this is, perhaps, not terribly 
surprising. Both anesthetics used in the study are 
known to interact with a set of inhibitory recep-
tors for the neurotransmitter GABA (γ-aminobu-
tyric acid), and they are prevalent throughout the 
retina (Michelson and Kozai, 2018; Bharioke 
et al., 2022; Yang, 2004).

Still, the magnitude of the effect – the anes-
thetized preparation was substantially slower 
than even the isolated retina – is an important 

point to consider when interpreting recordings 
in the visual system of awake and anesthetized 
animals. Interestingly, a higher firing activity and 
faster response dynamics in awake animals have 
also been found in the parts of the brain that the 
axons of the retinal ganglion primarily project 
onto (that is, the dorsal lateral geniculate nucleus 
and the superior colliculus; Durand et al., 2016; 
De Franceschi and Solomon, 2018). The results 
of Boissonnet et al. suggest that at least some 
of these differences originate in the retina. 
Comparing data from live animals and isolated 
cells also comes with an experimental caveat. 
While Boissonnet et al. did their best to replicate 
light conditions and temperature between the 
different set- ups, it is likely that some sampling 
biases among the over 40 types of ganglion cells 
in mice were different in the awake compared 

Figure 1. Experimental conditions affect the output of retinal ganglion cells in mice. Boisonnet et al. studied the 
characteristics of retinal ganglion cells in mice by comparing how they respond in awake and anesthetized animals, 
as well as isolated retinal cells (ex vivo). The recordings in the live animals were carried out by placing an electrode 
into the optic tract and measuring their neural activity when exposed to a flickering light. These results showed 
that awake animals had faster and stronger responses to the light stimuli compared to anesthetized and isolated 
preparations.

Image credit: Created using Biorender and adapted from Figure 4 of the manuscript by Boissonnet et al., 2023.
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to the isolated retinas (Goetz et al., 2022). This 
makes it difficult to interpret the pooled results 
across the different set- ups.

While this work is a critical first step, there is still 
a long way to go before it is possible to measure 
the response of retinal ganglion cells in a natural 
context. Boisonnet et al. did not measure spatial 
or movement- related responses. Instead they 
ensured that the stimuli were spatially uniform, 
and the animals were head- fixed to minimize 
their eye movement. Future research could build 
on this method to further refine the technique 
and ensure the behavioral contexts of the animal 
match how retinal ganglion cells work in natural 
conditions. It will also be interesting to see if 
other neurons in early sensory systems, particu-
larly those in the peripheral nervous system, like 
the nose and ear, have comparable results to the 
retina, which is part of the central nervous system 
(Schumacher et  al., 2011). For now, though, 
researchers should strongly consider the implica-
tions of putting early sensory neurons to sleep.

Julia Fadjukov is in the Department of 
Ophthalmology, Northwestern University, Evanston, 
United States

   https://orcid.org/0000-0002-0530-5183

Gregory Schwartz is in the Department of 
Ophthalmology; the Department of Neuroscience, 
Feinberg School of Medicine; and the Department of 
Neurobiology, Weinberg College of Arts and Sciences; 
all at Northwestern University, Evanston, United States
 greg. schwartz@ northwestern. edu

   https://orcid.org/0000-0001-8909-4397

Competing interests: The authors declare that no 
competing interests exist.

Published 10 November 2023

References
Bharioke A, Munz M, Brignall A, Kosche G, 
Eizinger MF, Ledergerber N, Hillier D, Gross- Scherf B, 
Conzelmann KK, Macé E, Roska B. 2022. General 
anesthesia globally synchronizes activity selectively in 
layer 5 cortical pyramidal neurons. Neuron 110:2024–
2040. DOI: https://doi.org/10.1016/j.neuron.2022.03. 
032, PMID: 35452606
Boissonnet T, Tripodi M, Asari H. 2023. Awake 
responses suggest inefficient dense coding in the 
mouse retina. eLife 12:e78005. DOI: https://doi.org/ 
10.7554/eLife.78005, PMID: 37922200
Chorev E, Epsztein J, Houweling AR, Lee AK, 
Brecht M. 2009. Electrophysiological recordings from 
behaving animals--going beyond spikes. Current 
Opinion in Neurobiology 19:513–519. DOI: https:// 
doi.org/10.1016/j.conb.2009.08.005, PMID: 19735997
De Franceschi G, Solomon SG. 2018. Visual response 
properties of neurons in the superficial layers of the 
superior colliculus of awake mouse. The Journal of 

Physiology 596:6307–6332. DOI: https://doi.org/10. 
1113/JP276964, PMID: 30281795
Deschênes M, Moore J, Kleinfeld D. 2012. Sniffing 
and whisking in rodents. Current Opinion in 
Neurobiology 22:243–250. DOI: https://doi.org/10. 
1016/j.conb.2011.11.013, PMID: 22177596
Durand S, Iyer R, Mizuseki K, de Vries S, Mihalas S, 
Reid RC. 2016. A comparison of visual response 
properties in the lateral geniculate nucleus and 
primary visual cortex of awake and anesthetized mice. 
The Journal of Neuroscience 36:12144–12156. DOI: 
https://doi.org/10.1523/JNEUROSCI.1741-16.2016, 
PMID: 27903724
Gastinger MJ, Tian N, Horvath T, Marshak DW. 2006. 
Retinopetal axons in mammals: emphasis on histamine 
and serotonin. Current Eye Research 31:655–667. DOI: 
https://doi.org/10.1080/02713680600776119, PMID: 
16877274
Goetz J, Jessen ZF, Jacobi A, Mani A, Cooler S, 
Greer D, Kadri S, Segal J, Shekhar K, Sanes JR, 
Schwartz GW. 2022. Unified classification of mouse 
retinal ganglion cells using function, morphology, and 
gene expression. Cell Reports 40:111040. DOI: 
https://doi.org/10.1016/j.celrep.2022.111040, PMID: 
35830791
Hao X, Ou M, Zhang D, Zhao W, Yang Y, Liu J, Yang H, 
Zhu T, Li Y, Zhou C. 2020. The effects of general 
anesthetics on synaptic transmission. Current 
Neuropharmacology 18:936–965. DOI: https://doi. org
/10.2174/1570159X18666200227125854, PMID: 
32106800
Hembrook- Short JR, Mock VL, Briggs F. 2017. 
Attentional modulation of neuronal activity depends 
on neuronal feature selectivity. Current Biology 
27:1878–1887. DOI: https://doi.org/10.1016/j.cub. 
2017.05.080, PMID: 28648826
Land MF. 1999. Motion and vision: why animals move 
their eyes. Journal of Comparative Physiology. A, 
Sensory, Neural, and Behavioral Physiology 185:341–
352. DOI: https://doi.org/10.1007/s003590050393, 
PMID: 10555268
Michelson NJ, Kozai TDY. 2018. Isoflurane and 
ketamine differentially influence spontaneous and 
evoked laminar electrophysiology in mouse V1. 
Journal of Neurophysiology 120:2232–2245. DOI: 
https://doi.org/10.1152/jn.00299.2018, PMID: 
30067128
Rossi MA, Fan D, Barter JW, Yin HH. 2013. 
Bidirectional modulation of substantia nigra activity by 
motivational state. PLOS ONE 8:e71598. DOI: https:// 
doi.org/10.1371/journal.pone.0071598, PMID: 
23936522
Schumacher JW, Schneider DM, Woolley SMN. 2011. 
Anesthetic state modulates excitability but not 
spectral tuning or neural discrimination in single 
auditory midbrain neurons. Journal of 
Neurophysiology 106:500–514. DOI: https://doi.org/ 
10.1152/jn.01072.2010, PMID: 21543752
Steinmetz NA, Koch C, Harris KD, Carandini M. 2018. 
Challenges and opportunities for large- scale 
electrophysiology with Neuropixels probes. Current 
Opinion in Neurobiology 50:92–100. DOI: https://doi. 
org/10.1016/j.conb.2018.01.009, PMID: 29444488
Yang XL. 2004. Characterization of receptors for 
glutamate and GABA in retinal neurons. Progress in 
Neurobiology 73:127–150. DOI: https://doi.org/10. 
1016/j.pneurobio.2004.04.002, PMID: 15201037

https://doi.org/10.7554/eLife.93339
https://orcid.org/0000-0002-0530-5183
https://orcid.org/0000-0001-8909-4397
https://doi.org/10.1016/j.neuron.2022.03.032
https://doi.org/10.1016/j.neuron.2022.03.032
http://www.ncbi.nlm.nih.gov/pubmed/35452606
https://doi.org/10.7554/eLife.78005
https://doi.org/10.7554/eLife.78005
http://www.ncbi.nlm.nih.gov/pubmed/37922200
https://doi.org/10.1016/j.conb.2009.08.005
https://doi.org/10.1016/j.conb.2009.08.005
http://www.ncbi.nlm.nih.gov/pubmed/19735997
https://doi.org/10.1113/JP276964
https://doi.org/10.1113/JP276964
http://www.ncbi.nlm.nih.gov/pubmed/30281795
https://doi.org/10.1016/j.conb.2011.11.013
https://doi.org/10.1016/j.conb.2011.11.013
http://www.ncbi.nlm.nih.gov/pubmed/22177596
https://doi.org/10.1523/JNEUROSCI.1741-16.2016
http://www.ncbi.nlm.nih.gov/pubmed/27903724
https://doi.org/10.1080/02713680600776119
http://www.ncbi.nlm.nih.gov/pubmed/16877274
https://doi.org/10.1016/j.celrep.2022.111040
http://www.ncbi.nlm.nih.gov/pubmed/35830791
https://doi.org/10.2174/1570159X18666200227125854
https://doi.org/10.2174/1570159X18666200227125854
http://www.ncbi.nlm.nih.gov/pubmed/32106800
https://doi.org/10.1016/j.cub.2017.05.080
https://doi.org/10.1016/j.cub.2017.05.080
http://www.ncbi.nlm.nih.gov/pubmed/28648826
https://doi.org/10.1007/s003590050393
http://www.ncbi.nlm.nih.gov/pubmed/10555268
https://doi.org/10.1152/jn.00299.2018
http://www.ncbi.nlm.nih.gov/pubmed/30067128
https://doi.org/10.1371/journal.pone.0071598
https://doi.org/10.1371/journal.pone.0071598
http://www.ncbi.nlm.nih.gov/pubmed/23936522
https://doi.org/10.1152/jn.01072.2010
https://doi.org/10.1152/jn.01072.2010
http://www.ncbi.nlm.nih.gov/pubmed/21543752
https://doi.org/10.1016/j.conb.2018.01.009
https://doi.org/10.1016/j.conb.2018.01.009
http://www.ncbi.nlm.nih.gov/pubmed/29444488
https://doi.org/10.1016/j.pneurobio.2004.04.002
https://doi.org/10.1016/j.pneurobio.2004.04.002
http://www.ncbi.nlm.nih.gov/pubmed/15201037

	Putting early sensory neurons to sleep
	References


