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The oxygen concentration in the cellular environment is a critical determinant of 
cell physiology and function. In the context of neuronal cell culture, the choice of 
oxygen levels can significantly influence the behavior, differentiation, and viability 
of neurons. Atmospheric oxygen levels (~21%) are commonly used in standard in 
vitro culture conditions; however, they do not reflect the physiological oxygen levels 
found in tissues. In the brain, oxygen levels range between 1% and 8%, a state referred 
to as hypoxia or, more accurately, physiological oxygen tension. This technical note 
explores the differences in neuronal cell behavior under low oxygen (physiological) 
conditions compared to atmospheric oxygen conditions and provides insights into 
optimizing neuronal cell culture systems.
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The brain is highly metabolically active and consumes approximately 20% of 
the body’s oxygen despite constituting only 2% of the total body mass. Within 
the brain, oxygen gradients exist due to variations in blood supply and cellular 
metabolic demand. While oxygen levels in arterial blood entering the brain may 
approach 8%, within microenvironments like the hippocampus or the cortical 
layers, oxygen can drop to as low as 1-3%. These gradients underscore the need to 
replicate physiological oxygen levels experienced by cells in vitro to better model in 
vivo neuronal behavior.

Oxygen Levels in the Brain
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Effects on Neuronal Differentiation

Atmospheric oxygen levels can induce oxidative stress in neurons, as they are 
exposed to higher-than-physiological reactive oxygen species (ROS) levels. ROS 
can interfere with neuronal differentiation by disrupting signaling pathways such 
as those mediated by hypoxia-inducible factors (HIFs). Physiological oxygen, by 
contrast, maintains HIF activity, which is crucial for the regulation of neurogenesis, 
axonal guidance, and synaptic plasticity. Studies have shown that culturing neural 
stem cells (NSCs) and progenitor cells in physiological oxygen enhances their 
differentiation into mature neuronal phenotypes while maintaining a better balance 
between proliferation and differentiation.

Cellular Metabolism and Energy Production

Neurons are highly dependent on oxidative phosphorylation for ATP production. 
However, exposure to atmospheric oxygen can alter the metabolic profile of 
neurons, leading to an increased reliance on glycolysis due to oxidative damage to 
mitochondria. Physiological oxygen levels mitigate this by reducing mitochondrial 
ROS production, thus preserving mitochondrial integrity and ensuring efficient ATP 
production. This is particularly important in long-term cultures where sustained 
energy production is critical.

Viability and Survival

Neuronal cells are sensitive to oxidative stress, which can lead to apoptosis 
or necrosis under atmospheric oxygen conditions. In physiological oxygen 
environments, reduced oxidative stress enhances cell viability and reduces markers 
of apoptosis. For example, studies have demonstrated that neurons cultured at 3% 
oxygen exhibit lower levels of caspase activation and DNA fragmentation compared 
to those cultured at 21% oxygen.

Atmospheric Oxygen Versus Physiological Oxygen
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Reactive Oxygen Species (ROS)

ROS play a dual role in neuronal cultures: at physiological levels, they act as 
signaling molecules regulating cellular processes, while at elevated levels, they 
cause oxidative damage. Atmospheric oxygen conditions result in excessive ROS 
generation, leading to lipid peroxidation, protein oxidation, and DNA damage. In 
contrast, physiological oxygen levels maintain ROS within a range that supports 
signaling without inducing damage.

Hypoxia-Inducible Factors (HIFs)

HIFs are transcription factors stabilized under low oxygen conditions. They regulate 
genes involved in angiogenesis, energy metabolism, and cell survival. Atmospheric 
oxygen suppresses HIF activity, which may lead to reduced adaptability of neurons 
to metabolic or environmental stress. Physiological oxygen, on the other hand, 
supports the stabilization of HIFs, promoting adaptive responses essential for 
neuronal health.

Mechanisms Underlying Oxygen-Mediated Effects
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Oxygen Control Systems

To replicate physiological oxygen levels, specialized hypoxia chambers or incubators 
with adjustable oxygen control are required. These systems allow precise regulation 
of oxygen concentration, ensuring that cells experience conditions akin to their 
in vivo environment. It is crucial to monitor oxygen levels throughout the culture 
period, as fluctuations can introduce variability in experimental outcomes.

Practical Considerations for Neuronal Cell Culture

Learn how Embrient’s Modular Incubator 
Chamber provides a convenient solution for 
controlled hypoxia environments.

https://embrient.com/technical-notes
https://embrient.com/modular-incubator-chamber
https://embrient.com/modular-incubator-chamber


Physiological Oxygen for Neuronal 
Cell CultureTechnical Note

Media and Supplements

Oxygen levels influence nutrient utilization and metabolic pathways. Therefore, 
the composition of culture media may need adjustment when working under 
physiological oxygen conditions. For instance, glucose concentrations may be 
optimized to match the reduced glycolytic flux observed in neurons cultured under 
low oxygen.

Long-Term Cultures

Long-term neuronal cultures are particularly prone to oxidative stress when 
maintained in atmospheric oxygen. Physiological oxygen conditions not only 
improve cell survival but also preserve neuronal morphology and function over 
extended periods. This is especially relevant for studies involving synaptic plasticity, 
network formation, or neurodegenerative disease modeling.

Disease Modeling

Physiological oxygen is critical for modeling diseases like ischemia, Alzheimer’s, and 
Parkinson’s, where oxygen dynamics play a central role. Mimicking in vivo oxygen 
conditions enhances the relevance of these models and may provide new insights 
into disease mechanisms and therapeutic targets.

Drug Screening

The response of neurons to drugs can differ significantly between atmospheric 
and physiological oxygen conditions. Culturing neurons under physiological oxygen 
ensures that drug screening assays more accurately reflect in vivo pharmacodynamics 
and toxicology.

Neuroengineering and Regenerative Medicine

Physiological oxygen enhances the maturation and functionality of neuronal 
constructs in neuroengineering applications. Similarly, it improves the success rates 
of neuronal grafts and other regenerative medicine strategies by better preparing 
cells for in vivo transplantation.

Applications and Implications

embrient.com/technical-notes

https://embrient.com/technical-notes


Physiological Oxygen for Neuronal 
Cell CultureTechnical Note

embrient.com/technical-notes

The choice of oxygen levels in neuronal cell culture has profound implications for cell 
behavior, experimental outcomes, and translational relevance. While atmospheric 
oxygen conditions are convenient, they fail to replicate the in vivo microenvironment 
of neurons. Physiological oxygen levels better support neuronal differentiation, 
metabolism, and survival, making them indispensable for advanced research 
applications. By adopting oxygen-controlled culture systems and optimizing 
protocols, researchers can achieve more accurate and reproducible results, bridging 
the gap between in vitro studies and in vivo realities.
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