
TYPE Editorial

PUBLISHED 10 October 2023

DOI 10.3389/fnagi.2023.1293491

OPEN ACCESS

EDITED AND REVIEWED BY

Kristy A. Nielson,

Marquette University, United States

*CORRESPONDENCE

Jiaqiang Zhang

zhangjiq@zzu.edu.cn

RECEIVED 13 September 2023

ACCEPTED 22 September 2023

PUBLISHED 10 October 2023

CITATION

Zeng S and Zhang J (2023) Editorial:

Anesthetic-induced neurotoxicity and

neurocognitive impairment of vulnerable

brains. Front. Aging Neurosci. 15:1293491.

doi: 10.3389/fnagi.2023.1293491

COPYRIGHT

© 2023 Zeng and Zhang. This is an

open-access article distributed under the terms

of the Creative Commons Attribution License

(CC BY). The use, distribution or reproduction

in other forums is permitted, provided the

original author(s) and the copyright owner(s)

are credited and that the original publication in

this journal is cited, in accordance with

accepted academic practice. No use,

distribution or reproduction is permitted which

does not comply with these terms.

Editorial: Anesthetic-induced
neurotoxicity and neurocognitive
impairment of vulnerable brains

Shuang Zeng and Jiaqiang Zhang*

Department of Anesthesiology and Perioperative Medicine, People’s Hospital of Zhengzhou University,

Henan Provincial People’s Hospital, Zhengzhou, Henan, China

KEYWORDS

sevoflurane, apoptosis, neurodegeneration, calcium, tau

Editorial on the Research Topic

Anesthetic-induced neurotoxicity and neurocognitive impairment of

vulnerable brains

With the development of technology, more and more infants are undergoing general

anesthesia for surgery, other interventions, or clinical examinations in the early stages of life.

However, whether general anesthesia affects the function and structure of the developing

infant brain remains an important, complex, and controversial issue. Sevoflurane is the most

commonly used anesthetic for infants, but this drug has potential neurotoxicity. Short term

or single exposure to sevoflurane has a weaker impact on cognitive function, while long-term

or repeated exposure to general anesthetics may lead to cognitive dysfunction. However, the

underlying mechanisms are still being debated, and preventive measures need to be further

explored. To provide an overview of this topic, we have selected six original research and

review articles that delineate sevoflurane and developmental neurotoxicity.

Apoptosis is the main pathway leading to the death of nerve cells, and most preclinical

studies of sevoflurane have regarded apoptosis as the main cause of neurotoxicity. This

type of programmed cell death is normal during development, but long-term exposure

to sevoflurane in young animals can lead to a 50-fold increase in nerve cell apoptosis

rates (McCann and de Graaf, 2017). Hu et al. (2019) found that sevoflurane induces

apoptosis of nerve cells in the developing brain of young rats through a cascade of apoptosis

regulated by brain-derived neurotrophic factor (BDNF), which also led to a decrease in the

anti-apoptotic/pro-apoptotic ratio, and induced intrinsic apoptosis.

Neurodegeneration is the foundation of many cognitive disorders. In some studies,

exposure to sevoflurane can cause neurodegenerative changes. In a study byWu et al. (2020)

sevoflurane significantly up-regulates SIRT-2 in newborn rat hippocampus, promotes the

expression of pro-inflammatory/M1-related markers in microglia, and activates microglia.

Microglial activation has also been implicated in neurodegenerative diseases (Yeh et al.,

2017). Iron is essential for normal neuronal function. However, excess iron has been linked

to several neurodegenerative diseases. Sevoflurane exposure disrupts iron homeostasis and

leads to hippocampal iron overload, which leads to neurodegenerative disease (Wu et al.,

2020). Repeated exposure of neonatal mice to 3% sevoflurane induces tau phosphorylation

Yu et al. (2020), leading to tau accumulation and the formation of neurofibrillary tangles,

a signature pathology of the neurodegenerative brain, suggesting tau plays a key role

in the neurodegenerative brain (Pirscoveanu et al., 2017; Yang and Wang, 2018). The

neurodegenerative changes caused by neonatal sevoflurane exposure may involve multiple

pathways, but the exact mechanisms are unknown and require further study.
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Calcium imbalance can lead to nerve cell damage. Calcium

plays a crucial role in human physiology, especially in the central

nervous system (CNS). The precise maintenance of Ca2+levels

is crucial for normal cell function, and dysregulation of calcium

homeostasis can lead to neuronal cell damage. Sevoflurane

exposure leads to a significant decrease in calcium concentration

in the ER, followed by a significant increase in Ca2+ in the

cytoplasm and mitochondria through overactivation of the IP3

receptor (Yang et al., 2008). Mitochondrial Ca2+overload leads to

mitochondrial respiratory injury, ROS activation, ATP reduction,

and MOMP, thereby inducing neuronal damage and apoptosis

(Danese et al., 2017; Yang and Wei, 2017). Neonatal exposure to

2% sevoflurane upregulates CA1 region Ca2+ activated potassium

channel type 2 (SK2s), which has persistent detrimental effects on

long-term depression (LTD) and long-term enhancement (LTP)

(Yu et al., 2018). Calcium homeostasis is an important mechanism

of neurotoxicity induced by sevoflurane anesthesia, which is

related to mitochondrial dysfunction, astrocyte dysfunction

and neuronal dysfunction. Maintaining intracellular calcium

homeostasis may be an effective intervention for sevoflurane

induced developmental neurotoxicity.

Sevoflurane exposure in the developing brain reduces

intermediates in glucose metabolic pathways, including lactic

acid, significantly lower levels of succinic acid, and significantly

reduced total creatine pools, including high-energy creatine

phosphate and creatine (Liu et al., 2015). Alterations in amino

acid metabolism in the neonatal brain may also play a key role

in sevoflurane induced neurotoxicity. Exposure to sevoflurane

during rapid brain development in monkeys also promotes

microglial activation, which can be detected by upregulated

transporter (TSPO) expression (Zhang et al., 2016). Activated

microglia are a major source of cytokines in the central nervous

system and release a range of pro-inflammatory cytokines

and chemokines, such as monocyte chemokine-1, interleukin,

macrophage colony-stimulating factor, tumor necrosis factor

(TNF)-α, and macrophage inflammatory protein-1 α/β. Maternal

exposure to sevoflurane directly affects fetal glial cells and enhances

IL-6 through phosphorylated erk signaling (Hirotsu et al.,

2019). Neuroinflammation is involved in sevoflurane-induced

developmental neurotoxicity, which may be an important target for

further study of sevoflurane-induced developmental neurotoxicity.

Tau protein is a microtubule-associated protein, and excessive

tau phosphorylation promotes the formation of insoluble tau

aggregates. Tau phosphorylation leads to cognitive dysfunction in

mice (Faraco et al., 2019). Tao et al. (2014) found that Mice 6

days after birth were exposed to 3% sevoflurane for 2 h per day

to induce tau phosphorylation through GSK-3β activation multiple

times (rather than single), thereby increasing levels of IL-6 in the

hippocampus and decreasing levels of PSD-95, leading to cognitive

impairment. While these effects of sevoflurane did not occur in the

tau KOmice, suggesting that tau plays a role in sevoflurane induced

neuroinflammation and synaptic defects in mice.

In summary, the aim of the present Research Topic

was to explore the potential mechanisms of sevoflurane and

developmental neurotoxicity and the potential measures to

prevent its occurrence in preclinical and clinical settings. These

manuscripts provide important new insights on the topic. In the

future, we hope that more studies will be performed to examine the

association between sevoflurane and developmental neurotoxicity.

Author contributions

SZ: Writing—original draft. JZ: Writing—review and editing.

Funding

This work was supported by the National Natural Science

Foundation of China (Nos. 82071217 and 82271288).

Acknowledgments

We appreciate all the editors, reviewers, and authors who

contributed to this Research Topic.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

References

Danese, A., Patergnani, S., Bonora, M., Wieckowski, M. R., Previati, M., Giorgi, C.,
et al. (2017). Calcium regulates cell death in cancer: roles of the mitochondria and
mitochondria-associated membranes (MAMs). Biochim. Biophys. Acta Bioenerg. 1858,
615–627. doi: 10.1016/j.bbabio.2017.01.003

Faraco, G., Hochrainer, K., Segarra, S. G., and Schaefer, S. (2019). Dietary salt
promotes cognitive impairment through tau phosphorylation. Nature 574, 686–690.
doi: 10.1038/s41586-019-1688-z

Hirotsu, A., Iwata, Y., Tatsumi, K., Miyai, Y., Matsuyama, T., and Tanaka, T.
(2019). Maternal exposure to volatile anesthetics induces IL-6 in fetal brains and affects
neuronal development. Eur. J. Pharmacol. 863, 172682. doi: 10.1016/j.ejphar.2019.17
2682

Hu, X., Hu, X., and Huang, G. (2019). LncRNAMALAT1 is involved in sevoflurane-
induced neurotoxicity in developing rats. J. Cell. Biochem. 120, 18209–18218.
doi: 10.1002/jcb.29127

Frontiers in AgingNeuroscience 02 frontiersin.org

https://doi.org/10.3389/fnagi.2023.1293491
https://doi.org/10.1016/j.bbabio.2017.01.003
https://doi.org/10.1038/s41586-019-1688-z
https://doi.org/10.1016/j.ejphar.2019.172682
https://doi.org/10.1002/jcb.29127
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org


Zeng and Zhang 10.3389/fnagi.2023.1293491

Liu, B., Gu, Y., Xiao, H., Lei, X., Liang, W., Zhang, J., et al. (2015). Altered
metabolomic profles may be associated with sevofuraneinduced neurotoxicity in
neonatal rats. Neurochem. Res. 40, 788–799. doi: 10.1007/s11064-015-1529-x

McCann, M. E., and de Graaf, J. (2017). Current thinking regarding potential
neurotoxicity of general anesthesia in infants. Curr Opin Urol. 27, 27–33.
doi: 10.1097/MOU.0000000000000351

Pirscoveanu, D. F. V., Pirici, I., Tudorica, V., Balseanu, T. A., Albu, V. C., Bondari,
S., et al. (2017). Tau protein in neurodegenerative diseases – a review. Rom. J. Morphol.
Embryol. 58, 1141–1150.

Tao, G., Zhang, J., Zhang, L., Dong, Y., Yu, B., Crosby, G., et al. (2014). Sevoflurane
induces tau phosphorylation and glycogen synthase kinase 3β activation in youngmice.
Anesthesiology 121, 510–527. doi: 10.1097/ALN.0000000000000278

Wu, Z., Zhang, Y., Zhang, Y., and Zhao, P. (2020). Sirtuin 2 inhibition
attenuates sevofurane-induced learning and memory defcits in developing
rats via modulating microglial activation. Cell Mol. Neurobiol. 40, 437–446.
doi: 10.1007/s10571-019-00746-9

Yang, H., Liang, G., Hawkins, B. J., Madesh, M., Pierwola, A., Wei, H.,
et al. (2008). Inhalational anesthetics induce cell damage by disruption of
intracellular calcium homeostasis with diferent potencies.Anesthesiology 109, 243–250.
doi: 10.1097/ALN.0b013e31817f5c47

Yang, M., and Wei, H. (2017). Anesthetic neurotoxicity: apoptosis and autophagic
cell death mediated by calcium dysregulation. Neurotoxicol. Teratol. 60, 59–62.
doi: 10.1016/j.ntt.2016.11.004

Yang, Y., and Wang, J. Z. (2018). Nature of tau-associated neurodegeneration and
the molecular mechanisms. J Alzheimers Dis. 62, 1305–1317. doi: 10.3233/JAD-17
0788

Yeh, F. L., Hansen, D. V., and Sheng, M. (2017). TREM2, Microglia,
and neurodegenerative diseases. Trends Mol Med. 23, 512–533.
doi: 10.1016/j.molmed.2017.03.008

Yu, X., Zhang, F., and Shi, J. (2018). Neonatal exposure to sevoflurane
caused cognitive deficits by dysregulating SK2 channels and GluA2-lacking
AMPA receptors in juvenile rat hippocampus. Neuropharmacology 141, 66–75.
doi: 10.1016/j.neuropharm.2018.08.014

Yu, Y., Yang, Y., Tan, H., Boukhali, M., Khatri, A., Yu, Y., et al. (2020). Tau
contributes to sevoflurane-induced neurocognitive impairment in neonatal mice.
Anesthesiology 133, 595–610. doi: 10.1097/ALN.0000000000003452

Zhang, X., Liu, S., Newport, G. D., Paule, M. G., Callicott, R., Thompson, J.,
et al. (2016). In vivo monitoring of sevofurane-induced adverse efects in neonatal
nonhuman primates using small animal positron emission tomography.Anesthesiology
125, 133–146. doi: 10.1097/ALN.0000000000001154

Frontiers in AgingNeuroscience 03 frontiersin.org

https://doi.org/10.3389/fnagi.2023.1293491
https://doi.org/10.1007/s11064-015-1529-x
https://doi.org/10.1097/MOU.0000000000000351
https://doi.org/10.1097/ALN.0000000000000278
https://doi.org/10.1007/s10571-019-00746-9
https://doi.org/10.1097/ALN.0b013e31817f5c47
https://doi.org/10.1016/j.ntt.2016.11.004
https://doi.org/10.3233/JAD-170788
https://doi.org/10.1016/j.molmed.2017.03.008
https://doi.org/10.1016/j.neuropharm.2018.08.014
https://doi.org/10.1097/ALN.0000000000003452
https://doi.org/10.1097/ALN.0000000000001154
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org

	Editorial: Anesthetic-induced neurotoxicity and neurocognitive impairment of vulnerable brains
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


