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ABSTRACT 20 
Precise oxygen regulation is essential for maintaining neuronal integrity in ex vivo brain slice 21 
electrophysiology, yet conventional chambers provide poorly defined oxygenation. This limitation is 22 
particularly problematic when model neurological disorders characterized by transient or intermittent 23 
hypoxia (IH), such as transient ischemic attacks and sleep apnea. We aimed to develop a versatile 24 
Oxyslice Recording Chamber (ORC) enabling real-time monitoring of neural activity with rapid, precise 25 
oxygen modulation during standard recordings. A polydimethylsiloxane (PDMS)-based ORC comprising a 26 
gas-permeable membrane that separates the recording and gas chambers was developed, allowing 27 
rapid and uniform oxygen exchange. The device integrates seamlessly into standard electrophysiological 28 
setups and operates at low perfusion rates. Tissue oxygenation was measured, and hippocampal slices 29 
were exposed to continuous hypoxia (CH, 3% or 1% O2) and IH (6-1% O2 cycles every 30 s), while 30 
recording field excitatory postsynaptic potentials (fEPSPs) in the hippocampal CA1 region. The ORC 31 
achieved precise, reproducible control of oxygen at the cellular level. Both CH and IH induced hypoxia 32 
severity–dependent reductions in fEPSP slopes, fully reversed upon reoxygenation. Severe CH (1% O2) 33 
reduced the fEPSP slope by ~60%, whereas IH reduced it by ~40%, indicating a partial mitigation during 34 
reoxygenation phases. This novel ORC provides a robust, adaptable method for real-time oxygen 35 
modulation in ex vivo neuronal standard recordings. Its ability to model continuous and intermittent 36 
hypoxia at physiological oxygen tensions fills a major gap in current electrophysiological methodologies, 37 
opening new opportunities for mechanistic studies of hypoxia-driven dysfunction and therapeutic 38 
discovery. 39 
 40 

NEW & NOTEWORTHY 41 
This study presents the Oxyslice Recording Chamber (ORC), a simple and reproducible system for precise 42 
oxygen control during brain slice recordings. The ORC has been developed to be easily constructed and 43 
implemented in any electrophysiology laboratory. As proof of concept, we reproduced continuous 44 
hypoxia (transient ischemic stroke) and intermittent hypoxia (sleep apnea), revealing distinct and 45 
reversible changes in hippocampal function applicable to various hypoxia-related conditions and brain 46 
regions. 47 

Keywords: Electrophysiology; oxygen control, precise-cut brain slices; transient ischemic stroke; 48 
obstructive sleep apnea. 49 
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INTRODUCTION 51 
Brain slice electrophysiology is a widely used approach to investigate neuronal function under controlled 52 
ex vivo conditions (1). It enables researchers to isolate specific brain regions and neural circuits, 53 
providing valuable insights into synaptic transmission, cell excitability, and pharmacological responses in 54 
different neuronal disease models (1–3). Living neuronal cells in freshly cut tissue slices still requires 55 
continuous oxygen supply to generate energy through cellular respiration, which is essential for nerve 56 
impulse transmission (4,5). Conversely, insufficient tissue oxygen deliver can impair cell viability and 57 
alter electrophysiological properties. Most studies use pre-oxygenated artificial cerebrospinal fluid 58 
(aCSF) to preserve neurological activity in submerged chambers (5,6). The oxygen levels applied to the 59 
tissue slices are generally monitored only in the perfusion system instead of being directly measured at 60 
the tissue/cellular level (7–10). Consequently, the actual O₂ concentration reaching the cells within the 61 
tissue slice remains uncontrolled, thereby explaining the standard use of hyperoxic aCSF (95% O2 62 
saturated) (7–10). In addition, Ivanov et al. uncovered that neuronal activity and oxidative metabolism in 63 
mouse hippocampal slices also require a high perfusion rate (~15 ml/min with 95% O2) to ensure 64 
sufficient oxygenation to maintain stable local field potentials and sustain predictable 65 
spontaneous/pharmacologically induced network activity and short-term synaptic plasticity (5). 66 
Interestingly, when a 95% O2 solution is applied to tissue samples exposed to ambient air during 67 
electrophysiological measurements, two common problems frequently occur: 1) the oxygen 68 
concentration in the sample tends to stabilize by ambient air diffusion through the media (11); 2) the 69 
neuronal cells are exposed to hyperoxia considering that the actual physiological O2 values measured in 70 
vivo, i.e. physioxia, are ~6% O2 (12,13). This is of relevance since neurons are likely altered under 71 
hyperoxic conditions during which reactive oxygen species (ROS) will be generated and lead to neuronal 72 
damage and mitochondrial dysfunction (14). In addition, the actual amount of oxygen that reaches a 73 
specific region also depends on the gas diffusion through the tissue and the depth from the surface 74 
where the electrophysiological recording is made (15). Thus, the accurate regulation and monitoring of 75 
oxygen levels in brain slices is crucial, not only for conventional electrophysiologic assessments, but 76 
particularly when examining conditions characterized by disease-specific patterns of intermittent or 77 
continuous hypoxia, as experienced by patients suffering from either obstructive or central sleep apnea 78 
or from transient ischemic attacks (TIA). Indeed, electrophysiological recordings of animals exposed to 79 
hypoxia have shown alterations in hippocampal excitatory and inhibitory neurons and network activity 80 
(16). These alterations could be associated with regional brain abnormalities after TIA events (17), as 81 
well as be manifested by cognitive and behavioral dysfunction as reported in sleep apnea patients (18–82 
20).  83 
The frequent inconsistent results during standard electrophysiological procedures using brain slices may 84 
in fact be due to the lack of precise oxygenation control. To overcome these limitations, some 85 
investigators have proposed small microfluidic devices capable of controlled oxygen delivery (21–25). In 86 
general, these approaches aim to reduce the aCSF volume to obtain a more homogeneous and stable 87 
value of O2 at a tissular level. However, these experimental systems are difficult to reproduce in other 88 
laboratories, as they require the assembly of different complex components, the use of sophisticated 89 
techniques such soft lithography (22), and in most cases, oxygen is still supplied by perfusion of a pre-90 
oxygenated culture medium (21,23–26). 91 
 92 
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MATERIALS AND METHODS 93 

Design and development of an ORC for controlled gas delivery in ex vivo brain 94 
electrophysiological recordings 95 
As illustrated in Figure 1A and 1B, the novel ORC is composed of two compartments: an upper recording 96 
chamber and a lower gas chamber, separated by a thin gas-permeable polydimethylsiloxane (PDMS) 97 
membrane (165 μm thick; Gel-Pak, Hayward, CA, USA). PDMS exhibits high oxygen permeability, optical 98 
transparency, and biocompatibility, properties that facilitate its use in physiological recordings chambers 99 
(27). This membrane allows for fast diffusion of gases between both chambers (time constant ≈1-2 s 100 
(28)). The recording chamber is fabricated using a 3D-printed negative mold designed with Ultimaker 101 
Cura software (Ultimaker, Utrecht, Netherlands) (file available in supplementary materials) and printed 102 
in polycarbonate using an Ultimaker S5 printer. A 10:1 mixture of PDMS prepolymer and curing agent 103 
(Sylgard 184 kit, Dow Corning, MI) was poured into the mold and cured at 65ºC for 1 h (Selecta, 104 
Barcelona, Spain). The recording chamber, which was designed by replicating a standard slice recording 105 
chamber, was bonded to the PDMS membrane by activating both surfaces with a corona treater (Electro 106 
Technic Products, Chicago, IL) for 1 min. To obtain the gas chamber, a 9.2 cm2 Petri dish was drilled at its 107 
edge creating two opposite holes and attached to the rest of the ORC with non-polymerized PDMS at 108 
65ºC for 2 h (video available in supplementary materials). All gas mixtures (with different O2 109 
concentrations and always balanced in 5% CO2 and N2) were generated using a servo-controlled gas 110 
blender (McQ, 141 Virginia, USA) controlled by the Gas Mixture Creator software (McQ, Virginia, USA). 111 
The gas mixture at room temperature was applied at flow rate of 180 mL/min into the gas chamber via a 112 
tube connected to one of the Petri dish’s inlet ports. The gas was released through the opposite outlet 113 
port, ensuring a continuous air stream at atmospheric pressure across the chamber. Consequently, air 114 
circulating in the gas chamber diffused through the membrane to reach the brain slice placed on top of 115 
it. 116 
Real-time oxygen concentration within brain slices was measured using a fiber-optic oxygen microsensor 117 
(OXR50, PyroScience, Aachen, Germany; 50 μm tip diameter, response time <2 s for 90% signal shift). 118 
Before measurements, the oxygen probe was calibrated according to the manufacturer’s instructions, 119 
using two reference solutions: air-saturated water (20% O2) and an oxygen-free solution (0.1M C6H7NaO6 120 
and NaOH). Then, the sensor was attached to a vertical positioning holder with micrometric resolution, 121 
and the oxygen concentration was measured at a depth of 30 µm from the slice surface, corresponding 122 
to the depth at which electrophysiological recordings are routinely performed. Temperature was 123 
constantly controlled with a temperature probe (TSUB36; PyroScience, Aachen, Germany) placed in the 124 
artificial cerebrospinal fluid 2 (aCSF2) solution within the recording chamber. The slice was stabilized 125 
using a platinum U-shaped slice anchor with nylon yarns, ensuring mechanical support throughout the 126 
experiments. Considering that O2 must diffuse through the sample, the correlation between the O2 127 
applied in the gas chamber and the actual value of O2 at tissue level was assessed (Figure 1C). 128 
Preparation of precision-cut brain slices 129 
C57BL/6N mice (2-4 months old) were anesthetized using isoflurane and decapitated. Brains were 130 
rapidly removed and immersed for 2 minutes in ice-cold artificial cerebrospinal fluid 1 (aCSF1) 131 
containing the following (in mM): 206 Sucrose, 11 Glucose, 1.25 NaH2PO4, 26 NaHCO3, 1.3 KCl, 1 CaCl2, 132 
and 10 MgSO4. The solution was continuously bubbled with carbogen (95% O2, 5% CO2) and adjusted to 133 
pH 7.35. After removing olfactory bulbs and cerebellum, coronal slices (380 µm thickness) were 134 
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prepared using a vibrating microtome (VT1200 S; Leica Microsystems, Wetzlar, Germany) in the same 135 
cold solution. Slices were immediately incubated in a recovery chamber filled with aCSF2 at 34ºC for 1 h. 136 
The composition of aCSF2 consisted of (in mM): 11 Glucose, 1.25 NaH2PO4, 25 NaHCO3, 2.5 KCl, 2.5 137 
CaCl2, 1.5 MgSO4, and 119 NaCl, continuously bubbled with carbogen and pH adjusted to 7.35. aCSF1 138 
(high sucrose-based) protects tissue during slicing by reducing excitotoxicity at low temperature, while 139 
aCSF2 (physiological NaCl-based) enables slice recovery and normal neuronal activity recording. Slices 140 
were subsequently incubated at room temperature for at least 1 h before starting the experimentation. 141 
All animal procedures were approved and conducted in accordance with the Ethical Committee for 142 
Animal Research from the University of Barcelona (CEEA-UB) (protocols 455/25 and 456/25) in 143 
compliance with the European and Spanish regulations. 144 
Electrophysiology 145 
Brain slices were transferred into the customized recording chamber which was continuously perfused 146 
(1 mL/min) with non-oxygenated aCSF2 solution at 27ºC for field excitatory post-synaptic potential 147 
(fEPSP) recordings (Figure 1D). Prior to each experiment, the PDMS membrane of the recording chamber 148 
was treated in a plasma cleaner (PDC-002, Harrick Scientific Products Inc. Pleasantville, NY) for 2 min to 149 
ensure uniform distribution of the aCSF2 solution. Thereafter, a bipolar stimulation electrode was 150 
placed in the Schaffer collateral pathway, while a recording electrode filled with aCSF2 was positioned in 151 
the dendritic branching of the CA1 area of the hippocampus. Stimulation currents ranging from 5 to 130 152 
µA were delivered using an A385 stimulus isolation unit (WPI, Hertfordshire, UK). Before fEPSPs 153 
recordings, Input-Output (IO) curves were recorded for each slice at 0.03 Hz. The stimulation current 154 
was then adjusted for each recording to evoke fEPSPs at which the slope was at 50–60 % of maximally 155 
evoked fEPSP slope value. Paired-pulse fEPSPs were measured at 0.03 Hz with an interstimulus interval 156 
of 50 and 100 ms. All recordings were amplified and stored using an AxoClamp 2B amplifier (Molecular 157 
Devices, San Jose, CA). Tracings were analyzed using Axon pClamp software (Molecular Devices, version 158 
10.6). 159 
Assessment of synaptic activity at different levels of oxygen 160 
To evaluate the impact of different oxygen levels on synaptic activity, hippocampal slices were exposed 161 
to a stepwise decrease in oxygen concentration while continuously recording field excitatory 162 
postsynaptic potentials (fEPSPs). The slices were first exposed to 22% O2, and the oxygen level was then 163 
reduced by 2% every 5 minutes until reaching 2% O2, followed by a final step at 1% O2. Electrophysiology 164 
recordings were performed at 30 µm depth from the tissue surface, at the same level as the 165 
oxygenation measurements were done previously. This protocol was carried out using the oxygen-166 
controlled recording ORC described above, enabling real-time monitoring of synaptic responses under 167 
defined oxygen conditions. 168 

Synaptic activity changes observed in experimental models of transient ischemic stroke 169 
and sleep apnea 170 
Brain slices were first maintained under physiological brain oxygen concentration (6% O2) (12,13) for 15 171 
min to establish a stable synaptic response prior to hypoxic exposures. To replicate a transient ischemic 172 
attack, brain slices were maintained to continuous mild (3% O2) or severe hypoxia (1% O2) for 30 min. In 173 
another set of experiments, we reproduced the intermittent hypoxia (IH) that occurs in OSA patients. 174 
Specifically, the brain slices were subjected to cycles of 6% / 1% O2 for 30 s each, for a total of 30 min. At 175 
the end of the hypoxic exposures, slices were returned to 6% O2 for a recovery period. 176 
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Statistical analysis 177 
All results are shown as mean ± standard error of the mean (SEM), except where otherwise noted in the 178 
text. To compare the fEPSP slope values obtained in the same brain region at different oxygen 179 
concentrations, a one-way repeated-measures analysis of variance (ANOVA) was performed, followed 180 
by Dunnett’s post hoc test for comparisons with the control (brain physioxia, 6% O2). To compare the 181 
different variables between groups in the TIA and OSA models, a two-way repeated-measures ANOVA 182 
(variables: tissue oxygenation and time) was performed, followed by the Student Newman Keuls post 183 
hoc test. All analyses were done using statistical software (SigmaPlot 11.0; Systat Software, Inc., San 184 
Jose, CA). A p ≤ 0.05 was considered statistically significant. 185 
 186 

RESULTS 187 

We developed a PDMS-based ORC enabling precise control of oxygen delivery to brain slices while 188 
simultaneously allowing neuronal recordings. The desired oxygen levels were supplied by a gas blender 189 
into the gas chamber and diffused through the PDMS membrane into the tissue. Oxygen concentration 190 
was measured at 30 µm below the tissue surface using an oxygen microsensor (Figure 1B). A clear linear 191 
correlation was observed between the oxygen concentration delivered by the gas blender and that 192 
measured within the brain slice, allowing for accurate calibration of the system (Figure 1C). We designed 193 
this model inspired by a standard electrophysiological recording plate to enable easy adaptation and 194 
implementation by other laboratories.  195 

Effect of different oxygen levels on synaptic activity 196 
This novel ORC enables real-time assessment of oxygen-dependent neuronal activity, as demonstrated 197 
by fEPSP recordings in the CA1 region of mouse hippocampal slices (Figure 2). To investigate how 198 
different oxygenation levels influence synaptic transmission, fEPSPs were measured in brain slices 199 
exposed to progressively decreasing O2 concentrations, ranging from 22% to 1% (severe hypoxia) (Figure 200 
2). Interestingly, the response profile exhibited a clear asymmetry around physioxia (6% O2), a typical 201 
oxygenation level observed in brain tissue in vivo (12,13). On the hyperoxic side, a slight fEPSP slope 202 
potentiation was observed only at higher oxygen levels (~19% increase at 22% O2 compared to baseline 203 
at 6% O2). In contrast, the fEPSP slope dropped sharply on the hypoxic side, with significant reductions 204 
at 2% O2 (74.82 ± 4.91%, p<0.001) and 1% O2 (65.36 ± 4.44%, p<0.001) compared to baseline (100 ± 205 
3.93%). No changes in fEPSP values were observed under continuous 6% oxygen during 1h 206 
(Supplementary Figure). 207 
Reversible impairment of synaptic activity under mild and severe transient hypoxic-208 
ischemic conditions 209 
To assess the effects of a prolonged period of hypoxia followed by reoxygenation on synaptic 210 
transmission as occurs in a transient ischemic stroke, hippocampal slices were exposed to either mild 211 
(3% O2) or severe (1% O2) hypoxia for 30 min, followed by a recovery period. As shown in Figure 3A and 212 
3B, the ORC reduced the oxygen availability in brain tissue oxygenation from baseline (6% O2) to the 213 
final hypoxic values within approximately 30 s. When hypoxia was induced in brain tissue, the fEPSP 214 
slope progressively decreased during the first 5-10 min before reaching a stable level (Figure 3A and 3B). 215 
As expected, the exposure to severe hypoxia elicited a more pronounced and sustained reduction of the 216 
fEPSP slope (41.89 ± 7.34%, p<0.001) vs. baseline, compared to mild hypoxia (76.82 ± 7.15%, p<0.05) 217 
(Figure 3C). Interestingly, during mild hypoxia, the fEPSP slope remained relatively stable throughout the 218 
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hypoxic period showing a minimal reduction of ~3%, whereas in severe hypoxia the slope declined more 219 
markedly (~10% reduction), suggesting cumulative neuronal fatigue and a trend to reduce synaptic 220 
resilience under prolonged severe oxygen deprivation in contrast to mild hypoxia (p=0.074). Upon 221 
reoxygenation, both conditions showed substantial recovery, reaching ~95–100% of baseline values. The 222 
quantitative analysis also revealed that at least 15 min are needed to achieve a nearly complete 223 
recovery. In addition, short-term synaptic plasticity was evaluated by paired-pulse stimulation at 50 and 224 
100 ms interstimulus intervals before and after hypoxic challenge (Figure 3D). However, no significant 225 
changes were observed in the paired-pulse ratio (PPR) after both hypoxic conditions. 226 

Intermittent hypoxia mimicking sleep apnea induces reversible synaptic dysfunction 227 
As shown in Figure 4A, the novel ORC successfully generated IH exposures in brain slices, oscillating from 228 
~6% to 1% and mimicking the changes observed in severe obstructive sleep apnea patients. During IH 229 
exposures, fEPSP significantly decreased compared to baseline levels (63.38 ± 12.30%, p<0.05), 230 
indicating impaired synaptic transmission under IH conditions (Figure 4B and 4C). After IH recovery, 231 
fEPSP slope increased significantly (103.62 ± 12.39, p<0.05), reaching baseline values within 15 min 232 
(101.66 ± 1.40, ns). Therefore, the synaptic function is reversible after 30 min of IH exposures. 233 

Finally, PPR analysis at interstimulus intervals of 50 ms and 100 ms revealed no significant differences 234 
between pre- and post-IH conditions (Figure 4D), suggesting that short-term presynaptic plasticity was 235 
not significantly affected by IH exposures.  236 
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DISCUSSION 237 
In this study, we developed and validated a simple and easy to reproduce PDMS-based ORC that enables 238 
fast and precise control of oxygen levels in brain slices, while simultaneously allowing for standard 239 
electrophysiological recordings. This system offers a physiologically relevant platform to study how 240 
oxygen fluctuations, ranging from hyperoxia to severe hypoxia may affect synaptic function. This novel 241 
ORC reproduces multiple oxygen-related neuropathological scenarios, including continuous and 242 
intermittent hypoxia, thereby enabling the replication of several diseases such as TIA and sleep apnea. 243 
As a proof of concept aimed at establishing the relevance of controlling oxygenation in brain slices, we 244 
show that within a few minutes, both sustained hypoxia and IH induce marked but reversible synaptic 245 
impairments. Thus, the current study provides a novel in vitro model that permits the dissection of the 246 
neural consequences of the transient oxygen instability that occurs in very prevalent disorders such as 247 
OSA and central sleep apnea. 248 
The experimental ORC is based on a gas-permeable PDMS membrane to separate the gas and recording 249 
chambers. Notably, gas equilibration across the PDMS membrane occurs in less than 2 seconds (15,29), 250 
allowing for rapid oxygen exchange. As a result, the final oxygen concentration at the tissue level where 251 
electrophysiological recordings are performed is reached within approximately 30 s following a change 252 
in gas composition which is controlled by the gas blender (Figures 3A, 3B and 4A). In this context, our 253 
experimental system overcomes the limitation of reduced oxygen delivery to the tissue typically 254 
observed in conventional submerged chambers used for neuronal recordings (5). In fact, this 255 
characteristic also allows the application of high-frequency IH in brain slices, a feature that is of 256 
particular interest for studies focused on brain responses to oxygenation changes mimicking sleep apnea 257 
(15). Nevertheless, due to the high cellular density and oxygen consumption in brain tissues (25,26), 258 
oxygen availability is probably not completely homogeneous across the full thickness of the slice, 259 
decreasing with the distance from the oxygen source (11,15,25). Accordingly, in the present study, we 260 
have taken into consideration the brain slice thickness typically used in electrophysiological recordings, 261 
as well as the insertion depth of the electrodes used for stimulation and signal acquisition. By 262 
establishing a linear and predictable relationship between the delivered gas composition and the oxygen 263 
concentration detected within the tissue at the stimulation sites, we ensured precise control and 264 
accurate calibration of the oxygenation environment during neuronal recordings (Figure 1C). 265 
In recent years, several microfluidic-based models have been developed to enhance oxygen and nutrient 266 
supply in brain slices. These systems have been conceptualized for specific applications, such as 267 
minimizing bubbling artifacts, enabling localized oxygen delivery (22), and creating low-volume 268 
incubation chambers to perform multisite recording (23,24), to enrich the cellular secretome, and to 269 
reduce drug consumption (21). However, their fabrication often requires complex microfluidic 270 
techniques (23,24) along with onerous lithography procedures (22) , making them technically 271 
challenging to implement and replicate in other neurophysiology laboratories. Consequently, these 272 
models have not been routinely adopted in a quest to achieve precise regulation and monitoring of 273 
oxygen levels during neuronal recordings. In contrast, the ORC developed herein was specifically 274 
designed for easy integration into any neurophysiology laboratory setup. To this end, the recording 275 
chamber was designed based on the geometry of a standard electrophysiological chamber, providing full 276 
compatibility with conventional recording systems. Furthermore, considering the oxygen diffusion 277 
properties of the PDMS membrane, gas exchange occurs homogeneously across the whole tissue 278 
sample. Also, the rapid oxygen diffusion facilitates a substantial reduction in the perfusion rate required 279 
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to maintain tissue oxygenation. Specifically, a relatively low perfusion rate of 1 mL/min, when coupled 280 
with chamber-mediated oxygenation, is sufficient to sustain basal neuronal activity. Importantly, this 281 
configuration also provides flexibility to modulate oxygen levels as required, thereby offering a 282 
controlled framework for investigating oxygen-dependent neuronal processes. This perfusion rate is 283 
similar to the one used in most conventional electrophysiological recordings in brain slices, where a 284 
perfusion between 1-2 mL/min aCSF with saturated 95% O2 / 5% CO2 is used. Nevertheless, others have 285 
suggested that a perfusion of ~15 mL/min would be required to preserve neuronal function (5). This 286 
feature is particularly relevant given the potential damage caused by a high flow rate. In fact, the effect 287 
of shear stress on the brain has been extensively studied in the context of the blood brain barrier, 288 
showing that endothelial (30) and immune cells, among other neuronal cells, respond to this mechanical 289 
stimulus inducing their differentiation and activation, respectively (31). 290 
In a first batch of experiments, synaptic activity was assessed in response to a range of oxygen levels 291 
(from 22% to 1% O2; Figure 2). Our findings revealed the importance of delivering an oxygen 292 
concentration that precisely corresponds to the metabolic requirements of a specific tissue. In the brain, 293 
the physiological oxygen concentration in vivo is ~ 6% O2 (12,13), which reflects the natural tissue 294 
oxygenation and differs significantly from the atmospheric oxygen level (~21% O2) typically used in 295 
conventional electrophysiology experiments. Interestingly, the resulting relationship between 296 
oxygenation and fEPSPs displayed a markedly different behavior under hypoxic (<6%) and hyperoxic 297 
(>6%) conditions. Indeed, neuronal cells were significantly more sensitive to hypoxia, exhibiting a 298 
pronounced fEPSPs reduction (~35%) under the most severe condition applied (1% O2). In contrast, 299 
increasing oxygen levels induced a less pronounced hyperactivity (up to ~20% increase at 22% O2 when 300 
compared to physioxia). These findings also emphasize the importance of controlling oxygen levels 301 
during conventional electrophysiological recordings. The routine use of 95% O2 can induce neuronal 302 
hyperactivity and may in fact introduce greater variability across studies (final tissue O2 depends on 303 
oxygen diffusion and depth). Moreover, such hyperoxic levels can trigger the production and release of 304 
reactive oxygen species (ROS), which can exert neurotoxic effects (14). 305 
As proof of concept, we also recorded neuronal activity in response to transient continuous hypoxia 306 
challenges and IH patterns that replicate those observed in TIA and sleep apnea patients, respectively. 307 
These experiments demonstrate the ORC´s capability to precisely modulate oxygen delivery at the 308 
cellular level, one of the key features of our novel platform. In this study, we simulated moderate (3% 309 
O2) and severe (1% O2) TIA (Figure 3). In both cases, the reduction in the field excitatory postsynaptic 310 
potential (fEPSP) slope correlated with the severity of hypoxia. Following 30 min of continuous hypoxia, 311 
synaptic function was restored upon reoxygenation with physiological oxygen levels (6% O2). These 312 
findings are consistent with previous studies employing anoxic aCSF (95% N2) for 10 min (10), 30 min (8), 313 
and 40 min  (9), all of which reported a complete suppression of neuronal activity followed by recovery 314 
upon reoxygenation with aCSF saturated with 95% O2. In the context of TIA, our model offers a 315 
significant advantage by enabling precise control of hypoxic exposures while operating at significantly 316 
reduced perfusion flow rates, thereby minimizing shear stress on neuronal cells. In addition, the ORC 317 
represents a significant technological advancement for sleep research. Currently, there is a lack of 318 
experimental models capable of delivering high-frequency IH while simultaneously performing 319 
electrophysiological recordings, which explains the absence of studies investigating synaptic responses 320 
to IH in brain tissue slices. In fact, all research to date has relied on brain samples obtained from animals 321 
previously exposed to IH protocols in vivo (18–20). Although these studies have reported impaired 322 
neuronal function following chronic IH exposures, it is important to note that removal of the brain tissue 323 
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and subsequent recordings under standard oxygenated conditions may allow for partial recovery of 324 
synaptic activity to occur. This possibility is supported by our findings, as shown in Figure 4. Here, we 325 
provide the first direct evidence of synaptic activity under precisely controlled IH conditions mimicking 326 
OSA. Interestingly, these findings indicate that reoxygenation periods during IH do not prevent, but do 327 
mitigate, the reduction in the fEPSP slope, limiting it to approximately 40% from baseline, compared to 328 
the ~60% decrease observed under continuous 1% O2 hypoxia from the TIA model. 329 
In conclusion, the versatile PDMS-based ORC presented herein is a technical breakthrough and a readily 330 
feasible set-up tool for precisely controlling and monitoring oxygen dynamics in brain slices while 331 
performing simultaneous electrophysiological recordings. Its capacity to simulate a wide range of 332 
hypoxic severities and durations should enable extensive and detailed characterization of synaptic 333 
responses and their reversibility under physiologically and pathologically relevant conditions. This 334 
platform is uniquely suited for investigation of how transient and intermittent oxygen fluctuations 335 
impact neuronal function across different animal models, including varying ages and neuropathological 336 
states. By bridging critical gaps in current experimental approaches, our model holds significant clinical 337 
relevance, offering novel opportunities to dissect the cellular and synaptic mechanisms underlying 338 
disorders linked to different patterns and severities of hypoxia such as stroke, TIA, and OSA, and 339 
ultimately, opening new possibilities for the development of targeted therapeutic strategies. 340 
Pragmatically, the setting described here does not require complex instrumentation for its construction 341 
and hence can be straightforwardly implemented in other laboratories. 342 
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FIGURE LEGENDS 470 
Figure 1. Design and validation of the Oxyslice Recording Chamber (ORC). (A) The ORC was developed 471 
by assembling a recording (upper) and a gas (lower) chamber separated by a gas-permeable PDMS 472 
membrane. (B) Schematic view of the ORC. A blender-generated gas mixture was directed through the 473 
gas chamber from inlet to outlet, diffusing across the PDMS membrane to the brain slice positioned 474 
above in the recording chamber. (C) Correlation between oxygen concentration within tissue slice 475 
(measured at 30 µm depth from the slice surface) and oxygen levels applied by the gas blender (n = 8). 476 
(D) Schematic representation of the recording site at the dendritic branching of the CA1 area of the 477 
hippocampus. Neuronal activity was assessed by recording the fEPSP response in the Schaffer collateral 478 
pathway of the CA1 region in mouse hippocampal slices. 479 
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Figure 2. Oxygen-dependent modulation of synaptic activity. (A) Time course of fEPSP slope changes 480 
during a progressive stepwise decrease in oxygen concentration. Slices were exposed to sequential 481 
reductions in O2, starting at 22% O2 and decreasing by 2% every 5 min until reaching 2% O2, with a final 482 
step at 1% O2 (n = 5). Data are color-coded according to O2 concentration: values above 6% O2 in blue, 483 
values below 6% O2 in red, and 6% (brain physioxia, set at 100%) in white. (B) Boxplots of fEPSP slope 484 
values at different oxygen levels. Boxes represent the interquartile range (IQR, first to third quartile), the 485 
line indicates the median, and whiskers extend to 1.5 x IQR. One-way repeated-measures ANOVA 486 
followed by Dunnett’s post hoc test for comparisons with physioxia (6% O2). **p<0.01, ***p<0.001.  487 

Figure 3. Synaptic activity under transient hypoxic ischemia. Time course of the fEPSP slope (purple 488 
circles) under hypoxia (blue line). Slices were initially maintained at 6% O2 for 15 min, followed by 30 489 
min of either mild (3% O2) (A) or severe hypoxia (1% O2) (B), and then returned to 6% O2 for 20 min. 490 
Representative fEPSPs traces before, during and after hypoxia are shown at the top of each graph 491 
(calibration: 1 mV, 5 ms). (C) Bar charts summarizing the data from panel A and B. Baseline, hypoxia and 492 
recovery values correspond to the last 5 min of each period. fEPSP slope values are normalized to 493 
baseline (3% O2, n = 8; 1% O2, n = 9). (D) Paired-pulse ratio (PPR) was assessed at two intervals (50 and 494 
100 ms) before and after hypoxia (3% and 1% O2). PPR was defined as the ratio (S2/S1) between the 495 
slope of the fEPSP elicited by the second (S2) and the first (S1) stimuli. No significant changes were 496 
observed before and after mild or severe hypoxia (n = 4). Two-way repeated-measures ANOVA followed 497 
by the Student-Newman-Keuls post hoc test. *p<0.05 and ***p<0.001. All data is expressed as mean ± 498 
SEM.  499 

Figure 4. Synaptic activity under intermittent hypoxia. (A) The ORC reproduced the high-frequency 500 
intermittent hypoxia (IH) suffered by OSA patients (6% O2 for 30 s and 1% O2 for 30 s). Blue line shows 501 
real-time O2 measurements. (B) Time course of the fEPSP slope (red circles) under IH (blue line). Slices 502 
were initially maintained at 6% O2 for 15 min, followed by 30 min of IH, and then returned to 6% O2 for 503 
20 min. Representative fEPSPs traces before, during and after IH are shown at the top (calibration: 1 mV, 504 
5 ms). (C) Bar charts summarizing the data from panel B. Baseline, IH and recovery values correspond to 505 
the last 5 min of each period. fEPSP slope values are normalized to baseline (n = 4). (D) Paired-pulse 506 
ratio (PPR) was evaluated at two intervals (50 and 100 ms) before and after IH. No significant changes 507 
were observed before and after IH (n=3). Two-way repeated-measures ANOVA followed by the Student-508 
Newman-Keuls post hoc test. *p<0.05. All data is expressed as mean ± SEM. 509 
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