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Clinical concentration of 
sevoflurane had no short-term 
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Introduction: The fragile brain includes both the developing brain in childhood 
and the deteriorating brain in elderly. While the effects of general anesthesia 
on the myelin sheath of developing brain have been well-documented, limited 
research has explored its impact on degenerating brain in elderly individuals.

Methods: In our study, aged marmosets in control group were only anesthetized 
with 6–8% sevoflurane and 100% oxygen (2  L/min) for 1–2  min for anesthesia 
induction. In addition to anesthesia induction, the anesthesia group was exposed 
to a clinical concentration of sevoflurane (1.5–2%) for 6  h to maintain anesthesia. 
After anesthesia, scanning electron microscopy (SEM) and artificial intelligence-
assisted image analysis were utilized to observe the effects of general anesthesia 
on the myelin sheath in prefrontal cortex (PFC) of aged marmosets.

Results: Compared with the control group, our findings revealed no evidence 
that 6  h of sevoflurane general anesthesia altered the thickness of myelin sheath, 
the diameter of myelinated axons, and the g-ratio in prefrontal cortex of aged 
marmosets.

Conclusion: Clinical concentration of sevoflurane may have no short-term 
effect on the myelin sheath in prefrontal cortex of aged marmosets.
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Introduction

With the advancement of surgery, anesthesia technology and the aging of global 
population, the number of elderly patients undergoing surgical procedures is increasing. 
General anesthetics act directly on the brain, making the aged brain particularly vulnerable to 
injury during surgery, which surgery is a form of trauma. This dual impact puts the cognitive 
function of elderly patients at high risk during the perioperative period, potentially leading to 
perioperative neurocognitive disorder (PND). PND results in increased hospitalization costs, 
longer hospital stays, higher postoperative mortality rates, a serious impact on the physical 
and mental health of elderly patients. Furthermore, it creates a significant financial strain on 
both society and the families of those affected. The impact of general anesthetics on the aged 
brain has therefore become a significant topic in perioperative medicine.
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The maintenance of myelin integrity is associated with the 
functions of the central nervous system (CNS), which involve 
cognitive, learning, and memory processes. The disruption of myelin 
structure can result in impaired motor function and cognitive 
deterioration (Franklin and Ffrench-Constant, 2017; Gibson et al., 
2019; McNamara et al., 2023). While previous research has indicated 
that general anesthesia can harm the myelin sheath of the developing 
brain during childhood (Li et al., 2019; Zhang et al., 2019; Wu et al., 
2020; Zuo et al., 2020), the impact of general anesthetics on myelin in 
the aged brain has largely been unexplored. In our earlier research, it 
was discovered that general anesthesia does not increase the levels of 
neuroinflammation factors; however, it does enhance glycolysis and 
lactate production in the brain of aged marmosets (Cheng et al., 2022; 
Zhang et al., 2022). Studies have indicated that glycolysis is intricately 
linked to the maintenance of myelin integrity (Fünfschilling et al., 
2012). Previous research also indicated that persistently increased 
neuronal metabolism of lactate causes oxidative stress, leading to 
impairment in neuroenergetics and axon stability, including reduced 
myelin thickness of the nerves (Jia et al., 2021). Based on our research 
and related reports, we further evaluate the impact of sevoflurane 
anesthesia on myelin in aged brain in the research.

Since patients only receive general anesthesia during surgery, and 
it is challenging to distinguish the effects of general anesthesia from 
those of surgery on the brain, the study utilizes aged marmosets as 
experimental subjects. Using non-human primates in brain research 
offers significant advantages due to their close physiological and 
anatomical similarity to humans. Their complex cognitive abilities and 
behaviors, coupled with their genetic proximity to humans, make 
them ideal models for studying advanced brain functions and 
neurobehavioral diseases. This approach, while ethically regulated, 
allows for deeper and more controlled experimental studies than 
direct human research.

The objective of this study was to investigate the short-term effects 
of general anesthesia on the myelin sheath in the prefrontal cortex 
(PFC) of aged marmosets. We  hypothesized that exposure to 
sevoflurane during general anesthesia might lead to alterations in the 
myelin sheath, including changes in its thickness and the g-ratio in the 
PFC. The results of this study could provide valuable insights into the 
mechanisms behind postoperative cognitive dysfunction resulting 
from general anesthesia in elderly individuals.

Materials and methods

Marmoset anesthesia

The marmoset research adhered to the guidelines and regulations set 
by the Institute of Animal Care Committee at the Center for Excellence 
in Brain Science and Intelligence Technology (CEBSIT), Chinese 
Academy of Sciences [License No. SYXK (Shanghai) 2021-0003]. The 
study received approval from the Institutional Animal Care and Use 
Committee of the Institute of Experimental Animal Science (Protocol 
No. CEBSIT-2021035). To minimize the number of animals used, four 
marmosets (Callithrix jacchus, 4 males, weighing 234–286 g) aged over 
8 years were individually housed in a facility with controlled temperature 
(25–27°C) and humidity (30–70%). They were kept on a 12 h light/dark 
cycle and provided with water and a balanced diet ad libitum.

Two marmosets (2 males) were assigned to the sevoflurane 
anesthesia group. These marmosets received 6–8% sevoflurane and 

100% oxygen (2 L/min) for anesthesia induction (1–2 min), followed by 
1.5–2.5% sevoflurane and 100% oxygen (2 L/min) for maintaining 
anesthesia. Sevoflurane was administered through mask ventilation 
without intubation (Coleman et al., 2017; Zhang et al., 2022). Another 
two marmosets (2 males) were included in the control group and were 
anesthetized with 6–8% sevoflurane and 100% oxygen (2 L/min) for 
anesthesia induction for 1–2 min. Vital signs were monitored using 
BeneVision M12 monitors (Mindray, China) during general anesthesia, 
and a warm blanket (AHM06, Reptizoo, China) was used to maintain 
a temperature of 37 ± 0.5°C. At the end of sevoflurane anesthesia, the 
marmosets were humanely euthanized under deep anesthesia with 
3–5% sevoflurane. Prior to euthanasia, blood was drawn from the 
femoral artery for blood gas analysis using a portable clinical analyzer 
(i-STAT; Abbott Laboratories Inc., East Windsor, NJ, United States). The 
characteristics and results of the blood gas analysis are shown in 
Supplementary Table S1. We  maintained the marmosets’ body 
temperature at 37°C using an animal warming mat system (AHM06, 
Reptizoo, China) and monitored their heart rate, electrocardiogram, 
respiratory rate, peripheral capillary oxygen saturation (SpO2), and 
rectal temperature using patient monitors (BeneVision M12, Mindray, 
China). After administering anesthesia, we  performed a cardiac 
puncture and used a portable clinical analyzer (i-STAT; Abbott 
Laboratories, East Windsor, New Jersey, United  States) to analyze 
arterial blood gas. To prevent dehydration, the marmosets were infused 
with 5 mL of stroke-physiological saline solution every 2 h.

Sample preparation and scanning electron 
microscopy imaging

After euthanizing the marmosets, we perfused their brain tissue 
with phosphate-buffered saline (PBS) to collect prefrontal cortex 
samples for SEM observation. The tissue was first fixed with 2.5% 
glutaraldehyde, followed by 1% osmium peroxide, and then stained 
with uranyl acetate and lead citrate. After dehydration, the tissue was 
embedded in silicone resin. Imaging was performed using a Zeiss 
scanning electron microscope (GeminiSEM 300) at a working voltage 
of 5 kV and a resolution of 12 nm/pixel, with each slice being imaged 
in two columns along the surface of the prefrontal cortex toward the 
white matter (Figures 1A,B).

Artificial intelligence-assisted image 
analysis

Images of the prefrontal cortex of marmosets were obtained using 
an electron microscope with a resolution of 12 nm × 12 nm 
(Figure 1C). Previous studies have demonstrated that the prefrontal 
cortex can be divided into six layers, with the first layer positioned 
below the skull and the sixth layer nearest to the white matter. These 
layers exhibit variations in cell types and functions (Burman and Rosa, 
2009). Actual measurements of the inner prefrontal cortex in 
marmosets and the outer prefrontal cortex layers in humans show that 
the combined length of the second and third layers is three times 
greater than that of the first layer (Sasaki et al., 2015; Maynard et al., 
2021). The prefrontal cortex samples we  obtained were stratified 
accordingly (Figure 1C).

The myelin sheath in the prefrontal cortex retains myelin 
phospholipids when fixed and stained with osmic acid, making it 
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easily distinguishable from nonmyelin structures via electron 
microscopy. Due to the dense distribution and structural 
complexity of the cortex, artificial intelligence technology is 
employed for the quantitative analysis of the myelin 
sheath structure.

Myelin sheath segmentation
We utilized deep convolutional neural networks (DCNNs) to train 

a model for myelin segmentation. This model is capable of categorizing 
each pixel in the input image as either “myelin sheaths” or “nonmyelin 
sheaths,” resulting in a myelin sheath segmentation image of the same 

FIGURE 1

EM data description and AI-assisted analysis of the prefrontal cortex in the aged marmosets. (A,B) Low-resolution images of the prefrontal cortex 
slices. The green line indicates the direction of high-resolution imaging. (C) The EM data and layering of the prefrontal cortex slices. (D) AI-assisted 
myelin segmentation model. The input of the model is an EM image, and the output is the mask of the myelin. The scale bar is 2  μm in A,B.
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scale as the input. The details of the methodology can be found in the 
previous study (Jiang et al., 2022) (Figure 1D).

Myelin sheath thickness measurement
To determine the average thickness of the myelin sheath, the 

thickness was measured at 10 positions on each sheath (Figure 2A).

G-ratio calculation
The center of the myelin sheath was represented by the fitted 

ellipse of its inner border. The ratio of the inner diameter to the outer 
diameter was subsequently determined through the center point 
(Figure 3A).

Diameter measurement of myelinated axons
Myelinated axons were subjected to elliptical fitting, where the 

length of the short axis of the ellipse was used to measure the diameter 
of the axons (Figure 4A).

Statistical analysis

All the data analyses and statistical tests were performed using 
custom-written Python scripts and built-in functions (Python 3.9). 
We validated that each data set follows a normal distribution using the 
Shapiro–Wilk test. We used unpaired t-tests to compare the average 
values of the control group and the anesthesia group data. 
The data were presented as means ± SD. The significance was fixed at 
p < 0.05.

Results

Using SEM and artificial intelligence technology, we analyzed the 
effects of sevoflurane general anesthesia on the myelin sheath of the 
prefrontal cortex in aged marmosets. This analysis focused on the 

thickness of the myelin sheath, the g-ratio, and the diameter of 
myelinated axons.

Clinical concentration of sevoflurane had 
no short-term effect on myelin thickness in 
prefrontal cortex of aged marmosets

We examined the impact of the anesthetic on the myelin sheath of 
the prefrontal cortex in aged marmosets after 6 h of general anesthesia 
with a clinical concentration of sevoflurane. The results indicated that 
there was no difference in myelin sheath thickness between the control 
group and the anesthesia group in layer 1 (p = 0.779) and layer 2/3 
(p = 0.177) of the prefrontal cortex (Figure 2B).

Clinical concentration of sevoflurane had 
no short-term effect on g-ratio in 
prefrontal cortex of aged marmosets

We calculated and statistically analyzed the g-ratio in the prefrontal 
cortex of aged marmosets to investigate whether 6 h of clinical sevoflurane 
general anesthesia caused changes in the myelin sheath. The results 
indicated that there was no difference in the g-ratio in layer 1 (p = 0. 0.665) 
or layer 2/3 (p = 0.746) of the prefrontal cortex between the control group 
and the anesthesia group (Figure 3B).

Clinical concentration of sevoflurane had 
no short-term effect on diameter of 
myelinated axons in prefrontal cortex of 
aged marmosets

We assessed whether 6 h of clinical-concentration sevoflurane 
general anesthesia would alter the diameter of myelinated axons in 

FIGURE 2

Analysis of the thickness of myelin. (A) EM image and mask of the myelin. The red arrow indicates the thickness of the myelin. (B) Statistical analysis of 
the myelin thickness in the brain slices of anesthesia group and control group (layer 1, p  =  0.779, unpaired t-test, mean  ±  SD; layer 2/3, p  =  0.177, 
unpaired t-test, mean  ±  SD).
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the prefrontal cortex of aged marmosets. The results 
indicated that there was no difference in the diameter of myelinated 
axons in layer 1 (p = 0.688) or layer 2/3 (p = 0.105) of the prefrontal 
cortex between the control group and the anesthesia group 
(Figure 4B).

Discussion

In the study, aged marmosets were used as experimental animals, 
and sevoflurane was used for general anesthesia. Scanning electron 
microscopy (SEM) was employed to image brain samples from the 

FIGURE 3

Analysis of the g-ratio. (A) G-ratio of myelin. G-ratio is the ratio of the inner diameter to the outer diameter of the myelin, and 0  <  G-ratio  <  1. 
(B) Statistical analysis of the g-ratio in the brain slices of anesthesia group and control group (layer 1, p  =  0.665, unpaired t-test, mean  ±  SD; layer 2/3, 
p  =  0.746, unpaired t-test, mean  ±  SD).

FIGURE 4

Analysis of the diameter of the myelinated axon. (A) EM image and mask of the myelinated axon. The red ellipse is an ellipse fit for the mask, and the 
line is the short axis. (B) Statistical analysis of the myelinated axon diameter in the brain slices of anesthesia group and control group (layer 1, p  =  0.688, 
unpaired t-test, mean  ±  SD; layer 2/3, p  =  0.105, unpaired t-test, mean  ±  SD).
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marmosets, and artificial intelligence technology was utilized to 
process and analyze the images. We  systematically evaluated the 
impact of sevoflurane anesthesia on the structure of the myelin sheath 
in prefrontal cortex (PFC) of aged marmosets. The results revealed 
that Clinical concentration of sevoflurane had no short-term effect on 
the thickness of the myelin sheath, the g-ratio and the diameter of 
myelinated axons of the PFC in aged marmosets.

Our previous study revealed that the myelin sheaths in the PFC of 
aged marmosets experienced degenerative changes. Changes in the 
composition of myelin basic protein (MBP) indicate the extent of 
demyelination, but there was no difference in MBP expression 
between the control group and sevoflurane group (Cheng et al., 2022). 
However, a thorough examination of the myelin sheath structure was 
not performed. In the present study, we investigated the thickness and 
g-ratio of the myelin in the prefrontal cortex of aged marmosets using 
high-throughput measurements. The g-ratio has been reported to 
remain relatively consistent in the white matter of both healthy 
non-human primate brains and human brains, with values 
approaching 0.7. In the multiple sclerosis brain, the g-ratio was 
elevated in lesions. G-ratio values above 0.8 are indicative of acute 
demyelination (Stikov et al., 2015). The study showed that the g-ratio 
in the prefrontal cortex of aged marmosets after sevoflurane anesthesia 
is approaching 0.7 and has no difference with the control group, 
indicating that sevoflurane general anesthesia did not cause myelin 
sheath damage in the brain of elderly marmosets at the early stages 
of anesthesia.

The potential cause of the results may be that the neurotoxicity of 
sevoflurane significantly affects myelination during neurodevelopment, 
rather than during the aging process. During the initial stages of brain 
development, nerve cells are primarily involved in proliferation and 
growth, essential for maintaining normal brain function. Apoptosis is 
not commonly observed under normal conditions. However, under 
abnormal conditions, nerve cells may undergo apoptosis due to cellular 
stress or drug exposure, and this change is readily observable. In elderly 
individuals, damage to the myelin sheath in the PFC may already 
be present. In humans, the most significant age-related reductions in 
white matter integrity occur in anterior brain regions, which have been 
linked to declines in processing speed and executive functioning 
(Madden et al., 2012). In aged rats, the myelin sheath shows increasing 
fragmentation and detachment from the axon, a phenomenon linked 
to reductions in structural proteins like myelin basic protein (MBP) and 
cyclic nucleotide phosphodiesterase (Sugiyama et al., 2002; Liu et al., 
2017). Though the effects of sevoflurane anesthesia can worsen the 
damage, it may not produce significant differences. Age disparity could 
be a contributing factor to the varying effects of sevoflurane anesthesia 
on the developing brain in childhood versus the degenerating brain in 
elderly individuals, warranting further investigation and confirmation. 
It is also possible that the damage to myelin in the aged brain may not 
manifest at the early stage of anesthesia, as our previous research has 
shown that anesthesia affects lactate metabolism in aged marmosets 
(Zhang et al., 2022), and persistently increased neuronal metabolism of 
lactate reduced myelin thickness of the nerves (Jia et al., 2021). Future 
studies are needed to investigate the long-term effects of sevoflurane 
anesthesia on myelin in the aged brain.

There are several limitations to our study. First, we harvested brain 
tissue immediately following sevoflurane anesthesia, which may not 
have allowed sufficient time for any myelination deficits to become 

apparent. This study specifically focused on the acute effects of 
sevoflurane exposure. To determine the long-term effects, the 
sampling period should be extended appropriately. Second, due to the 
precious and scarce nature of nonhuman primate experimental 
animals, the sample size for this study was limited.

We have implemented measures to compensate for the limitation 
of sample size. These images were processed using deep convolutional 
neural networks (DCNNs) trained on a myelin segmentation model. 
The use of DCNNs for training medical image segmentation models has 
reached a high level of maturity. Prior research has utilized DCNN 
technology to achieve precise segmentation through electron 
microscopy imaging of the ventral neural cord (VNC) of fruit fly larvae 
(Ronneberger et al., 2015). Additionally, we have effectively utilized 
artificial intelligence technology to aid in the analysis of medical images, 
leading to the identification of a decrease in synapses in the prefrontal 
cortex due to Alzheimer’s disease (Jiang et al., 2022). In the present 
study, we continued to employ this technology to address the challenges 
of identifying, counting, and measuring various myelin sheath 
parameters in images. In the future, the results need to be  further 
validated using aged rodent models with a larger sample size.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The animal study was approved by the Animal Care Committee 
of the Center for Excellence in Brain Science and Intelligence 
Technology (CEBSIT, China) and the Institutional Animal Care and 
Use Committee (Protocol Number CEBSIT-2021035). The study was 
conducted in accordance with the local legislation and 
institutional requirements.

Author contributions

ZM: Conceptualization, Investigation, Writing – original draft. YJ: 
Formal analysis, Methodology, Software, Visualization, Writing – 
original draft. FW: Methodology, Visualization, Writing – original 
draft. LS: Data curation, Writing – original draft. RZ: Data curation, 
Writing – original draft. YN: Data curation, Writing – original draft. 
LZ: Conceptualization, Project administration, Resources, 
Supervision, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This research 
was supported by the National Natural Science Foundation of China 
(82171173) and Clinical Research Program of 9th People’s Hospital 
affiliated with Shanghai Jiao Tong University School of Medicine 
(JYLJ202221 and JYLJ202304).

https://doi.org/10.3389/fnins.2024.1447743
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org


Miao et al. 10.3389/fnins.2024.1447743

Frontiers in Neuroscience 07 frontiersin.org

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.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnins.2024.1447743/
full#supplementary-material

References
Burman, K. J., and Rosa, M. G. (2009). Architectural subdivisions of medial and 

orbital frontal cortices in the marmoset monkey (Callithrix jacchus). J. Comp. Neurol. 
514, 11–29. doi: 10.1002/cne.21976

Cheng, Y., Shi, L., Mao, H., Xue, Z., Liu, S., Qiu, Z., et al. (2022). The effect of 
sevoflurane anesthesia on the biomarkers of neural injury in the prefrontal cortex of 
aged marmosets. Front. Aging Neurosci. 14:918640. doi: 10.3389/fnagi.2022.918640

Coleman, K., Robertson, N. D., Dissen, G. A., Neuringer, M. D., Martin, L. D., Cuzon 
Carlson, V. C., et al. (2017). Isoflurane anesthesia has long-term consequences on motor 
and behavioral development in infant rhesus macaques. Anesthesiology 126, 74–84. doi: 
10.1097/ALN.0000000000001383

Franklin, R. J. M., and Ffrench-Constant, C. (2017). Regenerating CNS myelin—from 
mechanisms to experimental medicines. Nat. Rev. Neurosci. 18, 753–769. doi: 10.1038/
nrn.2017.136

Fünfschilling, U., Supplie, L. M., Mahad, D., Boretius, S., Saab, A. S., Edgar, J., et al. 
(2012). Glycolytic oligodendrocytes maintain myelin and long-term axonal integrity. 
Nature 485, 517–521. doi: 10.1038/nature11007

Gibson, E. M., Nagaraja, S., Ocampo, A., Tam, L. T., Wood, L. S., Pallegar, P. N., et al. 
(2019). Methotrexate chemotherapy induces persistent tri-glial dysregulation that 
underlies chemotherapy-related cognitive impairment. Cell 176, 43–55.e13. doi: 
10.1016/j.cell.2018.10.049

Jia, L., Liao, M., Mou, A., Zheng, Q., Yang, W., Yu, Z., et al. (2021). Rheb-regulated 
mitochondrial pyruvate metabolism of Schwann cells linked to axon stability. Dev. Cell 
56, 2980–2994.e6. doi: 10.1016/j.devcel.2021.09.013

Jiang, Y., Li, L., Pang, K., Liu, J., Chen, B., Yuan, J., et al. (2022). Synaptic degeneration 
in the prefrontal cortex of a rat AD model revealed by volume electron microscopy. J. 
Mol. Cell Biol. 14:mjac012. doi: 10.1093/jmcb/mjac012

Li, Q., Mathena, R. P., Xu, J., Eregha, O. N., Wen, J., and Mintz, C. D. (2019). Early 
postnatal exposure to isoflurane disrupts oligodendrocyte development and myelin 
formation in the mouse hippocampus. Anesthesiology 131, 1077–1091. doi: 10.1097/
ALN.0000000000002904

Liu, H., Yang, Y., Xia, Y., Zhu, W., Leak, R. K., Wei, Z., et al. (2017). 
Aging of cerebral white matter. Ageing Res. Rev. 34, 64–76. doi: 10.1016/j.arr.2016.11.006

Madden, D. J., Bennett, I. J., Burzynska, A., Potter, G. G., Chen, N. K., and Song, A. W. 
(2012). Diffusion tensor imaging of cerebral white matter integrity in cognitive aging. 
Biochim. Biophys. Acta 1822, 386–400. doi: 10.1016/j.bbadis.2011.08.003

Maynard, K. R., Collado-Torres, L., Weber, L. M., Uytingco, C., Barry, B. K., 
Williams, S. R., et al. (2021). Transcriptome-scale spatial gene expression in the human 
dorsolateral prefrontal cortex. Nat. Neurosci. 24, 425–436. doi: 10.1038/s41593- 
020-00787-0

McNamara, N. B., DAD, M., Bestard-Cuche, N., Uyeda, A., JFJ, B., Hoffmann, A., et al. 
(2023). Microglia regulate central nervous system myelin growth and integrity. Nature 
613, 120–129. doi: 10.1038/s41586-022-05534-y

Ronneberger, O., Fischer, P., and Brox, T. (2015). U-Net: convolutional networks for 
biomedical image segmentation. Medical Image Computing and Computer-Assisted 
Intervention—MICCAI 2015. MICCAI 2015. Springer, Cham

Sasaki, T., Aoi, H., Oga, T., Fujita, I., and Ichinohe, N. (2015). Postnatal development 
of dendritic structure of layer III pyramidal neurons in the medial prefrontal 
cortex of marmoset. Brain Struct. Funct. 220, 3245–3258. doi: 10.1007/s00429- 
014-0853-2

Stikov, N., Campbell, J. S., Stroh, T., Lavelée, M., Frey, S., Novek, J., et al. (2015). In vivo 
histology of the myelin g-ratio with magnetic resonance imaging. NeuroImage 118, 
397–405. doi: 10.1016/j.neuroimage.2015.05.023

Sugiyama, I., Tanaka, K., Akita, M., Yoshida, K., Kawase, T., and Asou, H. (2002). 
Ultrastructural analysis of the paranodal junction of myelinated fibers in 31-month-old-
rats. J. Neurosci. Res. 70, 309–317. doi: 10.1002/jnr.10386

Wu, Z., Xue, H., Gao, Q., and Zhao, P. (2020). Effects of early postnatal 
sevoflurane exposure on oligodendrocyte maturation and myelination in cerebral 
white matter of the rat. Biomed. Pharmacother. 131:110733. doi: 10.1016/j.biopha. 
2020.110733

Zhang, L., Mao, H., Yan, J., Cheng, Y., Xue, Z., Qiu, Z., et al. (2022). Sevoflurane 
enhances brain glycolysis and lactate production in aged marmosets. Br. J. Anaesth. 129, 
e63–e66. doi: 10.1016/j.bja.2022.05.035

Zhang, L., Xue, Z., Liu, Q., Liu, Y., Xi, S., Cheng, Y., et al. (2019). 
Disrupted folate metabolism with anesthesia leads to myelination deficits mediated by 
epigenetic regulation of ERMN. EBioMedicine 43, 473–486. doi: 10.1016/j.
ebiom.2019.04.048

Zuo, Y., Li, B., Xie, J., Ma, Z., Thirupathi, A., Yu, P., et al. (2020). Sevoflurane anesthesia 
during pregnancy in mice induces cognitive impairment in the offspring by causing iron 
deficiency and inhibiting myelinogenesis. Neurochem. Int. 135:104693. doi: 10.1016/j.
neuint.2020.104693

https://doi.org/10.3389/fnins.2024.1447743
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnins.2024.1447743/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnins.2024.1447743/full#supplementary-material
https://doi.org/10.1002/cne.21976
https://doi.org/10.3389/fnagi.2022.918640
https://doi.org/10.1097/ALN.0000000000001383
https://doi.org/10.1038/nrn.2017.136
https://doi.org/10.1038/nrn.2017.136
https://doi.org/10.1038/nature11007
https://doi.org/10.1016/j.cell.2018.10.049
https://doi.org/10.1016/j.devcel.2021.09.013
https://doi.org/10.1093/jmcb/mjac012
https://doi.org/10.1097/ALN.0000000000002904
https://doi.org/10.1097/ALN.0000000000002904
https://doi.org/10.1016/j.arr.2016.11.006
https://doi.org/10.1016/j.bbadis.2011.08.003
https://doi.org/10.1038/s41593-020-00787-0
https://doi.org/10.1038/s41593-020-00787-0
https://doi.org/10.1038/s41586-022-05534-y
https://doi.org/10.1007/s00429-014-0853-2
https://doi.org/10.1007/s00429-014-0853-2
https://doi.org/10.1016/j.neuroimage.2015.05.023
https://doi.org/10.1002/jnr.10386
https://doi.org/10.1016/j.biopha.2020.110733
https://doi.org/10.1016/j.biopha.2020.110733
https://doi.org/10.1016/j.bja.2022.05.035
https://doi.org/10.1016/j.ebiom.2019.04.048
https://doi.org/10.1016/j.ebiom.2019.04.048
https://doi.org/10.1016/j.neuint.2020.104693
https://doi.org/10.1016/j.neuint.2020.104693

	Clinical concentration of sevoflurane had no short-term effect on the myelin sheath in prefrontal cortex of aged marmosets
	Introduction
	Materials and methods
	Marmoset anesthesia
	Sample preparation and scanning electron microscopy imaging
	Artificial intelligence-assisted image analysis
	Myelin sheath segmentation
	Myelin sheath thickness measurement
	G-ratio calculation
	Diameter measurement of myelinated axons
	Statistical analysis

	Results
	Clinical concentration of sevoflurane had no short-term effect on myelin thickness in prefrontal cortex of aged marmosets
	Clinical concentration of sevoflurane had no short-term effect on g-ratio in prefrontal cortex of aged marmosets
	Clinical concentration of sevoflurane had no short-term effect on diameter of myelinated axons in prefrontal cortex of aged marmosets

	Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

