
RUSKINNConditioning Media to Target Dissolved Oxygen Levels
By Brian Parent, PE, Mechanical Engineer and Victoria Eon, Junior Applications Specialist 
Edited by Deborah Thibodeaux, Science Director and Applications Specialist 
The Baker Company, August 2013

DISCUSSION
 
Initial tests yielded concrete results that defined the optimum gas concentration, temperature, and rpm settings for the device. For example, the inclusion 
of 5% CO2 gas during the conditioning cycle stabilized pH values in the media (Figures 1 & 2). The effects of CO2 are unknown with other media types and 
may require expanded testing and adjusting of CO2 levels. Furthermore, the deoxygenation cycle without CO2 yielded quite unpredictable O2 concentration 
results, which caused the conditioned media to become more alkaline. 

In addition, higher rpm settings (120 rpm) translated to increased surface turnover of liquid media. Mixing accelerated the diffusion of O2 out of the 
media and into the HypoxyCOOL chamber, yielding lower DO concentrations within culture media post-conditioning (Figures 3 & 4).

Similarly, altitude has a significant impact on deoxygenation of media. Assumptions cannot be made that media 
conditioning will occur the same in Maine as it does in Denver where atmospheric O2 concentration differs. 
However, in the interest of time, testing occurred exclusively at low altitude, approximately100 feet above sea 
level. 

A defining moment occurred when experimentation yielded more speculation as to the impact of temperature 
on the media conditioning process. While compiling an initial culture media conditioning curve at various 
time intervals, the percentage of DO was the singular point of information recorded. It was realized that DO 
concentration is linearly dependent on temperature (Figure 6). For example, when testing the Clark DO probe 
against a secondary temperature probe for accuracy of measurement in distilled water, values recorded for 
temperature were not congruent between the two devices (i.e., the Clark electrode was slow to recognize changes 
in temperature that the secondary probe quickly identified.)

The DO Bench Meter instruction 
manual suggests allowing the 
probe to reach “thermal equilibrium before taking measurements.” From this 
information, the team theorized that thermal equilibrium must occur between 
the liquid media and the electrolyte solution in the probe tip to achieve 
accurate temperature readings. This may explain how as the liquid got warmer, 
the difference in temperature measurement (Δx) between the two devices 
decreased (Figure 7). Furthermore, these results elucidate a potential cause of 
variance in %DO measurements (since the Clark electrode may place a strong 
emphasis on temperature when determining DO concentration) (Figure 6). 
Consequently, this error resulted in a revision of the test protocol to include 
measurements of ppm, an absolute measurement, and temperature (°C) in 
order to remove variability.

From these initial findings, the team compiled a standard media testing 
protocol, which included the optimum HypoxyCOOL device settings for deriving 
seamless deoxygenation of culture media. The settings include: 1% O2 gas, 5% 
CO2 gas, 120 rpm, and an internal chamber temperature of 4°C. Consequently, 
the conditioning of culture media is sensitive to adhering to the strict protocol. 

Procedural repeatability improves the quantitative outcomes and decreases 
standard deviation values between test cycles. 

Later experimentation aimed to test the efficacy of common media conditioning practices. To reiterate, conventional methods include uncapping new 
bottles of media and allowing open containers to equilibrate with the conditions inside a controlled atmosphere workstation (1% O2, 5% CO2, 30°C). For 

empirical purposes, bottles were not open to the elements but were sealed with HEPA filtration caps to minimize 
exposure to contaminants. In all trials performed, the media took on average 2-3 days to condition by diffusion 
to 2% DO.

However, the degradation curves were incongruent and unpredictable between trials. Two to three days post-
initial measurement, pH within the media was often toxic, either drastically alkaline or acidic. For example, on the 
final trial, Bottle 3 became bright yellow (Figure 8). More important, microbial contamination occurred regularly 
within 24-72 hours post-initial measurement. Despite HEPA filtration of the enclosed bench space, the clean 
but non-sterile media presented a challenge to maintaining conditions and contaminating populations (molds 
and bacteria) thrived, which as expected had detrimental influence on pH and media content. In summary, data 
collected demonstrated the inaccurate, unpredictable, and costly risk of employing such methods for conditioning 

cell growth media prior to cell culture manipulation and incubation. Contamination of media may have been 
amplified due to the type and frequency of measurement; therefore, the extent of contamination observed may 
not be typical and was most likely a product of empirical methods. 

Disabling the refrigeration in the HypoxyCOOL yielded improved media conditioning (i.e., lower ppm values) in line with the van der Waals forces of 
temperature and movement in liquid (i.e., molecules move faster and sustain more collisions in warmer liquid than colder liquid). However, the inclusion 
of refrigeration (4°C) is necessary to preserve liquid media and inhibit the growth of contaminants that would occur at room temperature or in vivo, 37°C 
(Figure 5). In addition, cooling the media during the conditioning cycle stabilized DO results. 

SUMMARY
 
Hypoxia is defined as oxygen deficiency in cellular environments. Oxygen (O2) deficiency within in vivo environments is commonly linked to a wide range 
of co-morbidities, e.g., respiratory failure, Mycobacterium tuberculosis infection and other life threatening ailments (Reference Section; 2, 6). However, 
certain cell types thrive in low-O2 environments. Angiogenesis and tumor progression in cancer are routinely either crippled or aided by local exposure 
to hypoxic conditions, depending on a host of abnormal interactions at the sub-cellular level (Reference Section; 4). In vivo, hypoxia can either i) inhibit 
proliferation or the spread of cancer, stop differentiation, cause apoptosis or cell death; or ii) promote the down regulation of tumor suppressor genes 
and development of an aggressive phenotype resistant to therapeutic intervention (Reference Section; 4, 8). The latter is more commonplace than the 
former. Recent studies focusing on stem cells, diabetes, intracranial neuronal pathways, immunology, and metabolism in obesity and aging have fine-
tuned their research strategy to emphasize the importance of preserving hypoxic conditions in cell culture (Reference Section; 3,7). 

In short, creating and maintaining hypoxic conditions from media to environment are fundamental to the development of reliable research models. 
Exposing cells that are native to or challenged by low-O2 (2-8%) environments to normal atmosphere (21% O2) causes abnormal cell interactions and 
reduces cell viability. In addition, achieving and maintaining workstation and media conditions within nontoxic pH parameters (7.0-7.4) is paramount 
to the success of cellular-based work. Therefore, gas-controlled incubators and controlled atmosphere workstations are often used to simulate normal 
conditions in the body’s organ systems and provide a better understanding of some of the complex processes involved in low-O2 culture work.

However, despite the positive influx of anaerobic and modified atmosphere workstations in research facilities, cell and tissue cultures remain prey to 
oxidative stress. The problem is contrasting concentrations of dissolved oxygen (DO) between the cells and cell growth media. New culture media contains 
approximately 10-12% DO by mass, whereas certain tissue cells typically are plated best at 1-3% O2 (Reference Section; 5). 

Conditioning media to lower DO levels is a common laboratory practice for working with cells and biological tissues in experimental settings. Decreasing 
the DO concentration in media and within the workstation decreases the level of O2 shock felt by cells exposed to a lack of molecular equilibration. 
Furthermore, maintaining congruent, or near-congruent, O2 levels between media and the workable cultures increases success rates – i.e. greater cell 
yield, gene expression, and predicted metabolism, etc. – in target cell populations. A document search found little evidence of optimal DO for cell culture 
techniques.

HypoxyCOOLTM, the media conditioning device developed by The Baker Company, is intended to be used by the customer to condition media to a set DO 
value accurately and efficiently. The HypoxyCOOL aims to a) improve cell yield and gene expression in all tissue culture processes; b) eliminate oxidative 
stress due to abnormal O2 concentration; c) enhance productivity of the lab by minimizing time spent conditioning media; and d) function compatibly with 
tri-gas incubators or hypoxia workstations. In performing this proof-of-concept, The Baker Company intended to show the efficacy of media conditioning 
as a crucial step in preparing media for use in hypoxic conditions. A series of product quality and biological experiments were performed that focused 
on three primary areas:

1. Assessing the variables that impact the media conditioning process to establish an optimal protocol and parameters for accurate and reproducible 
media conditioning. The variables considered were the impact from carbon dioxide (CO2); agitation and gas exchange; and cooling.

2. Establishing the shelf life of conditioned media. 
3. Comparing conventional practices for media conditioning with the HypoxyCOOL method.

The available environment for performing these tests was a manufacturing space that was difficult to contain. Clean (not sterile) media had to be opened 
within this less-than-ideal environment in order to measure its DO content. Despite these challenges, preliminary tests were developed that may be 
repeated in a contained environment to mitigate the issues encountered in this proof-of-concept.

MATERIALS AND METHODS
 
HypoxyCOOLTM

HypoxyCOOL is a media conditioning device that actively reduces O2 concentrations 
in liquid cell growth media. The device achieves this with a combination of cooling and 
agitating a media platform to mix and release O2 from media. The platform can hold 
up to nine containers of 500-mL bottles of media for a user-defined time period in a 
gas-controlled (nitrogen and CO2) atmosphere. The device functions within a range 
of settings: 40 - 120 rpm rotation speed on the platform; 2 - 6°C; 0.5 - 15% O2 gas; and 
0 - 10% CO2 gas. In brief, the device utilizes a Proportional-Integral-Derivative (PID) 
control algorithm to control tolerance over the set point range and reduce overshoot, 
among other unique design features. 

Media

Lonza Bio WhittakerTM Dulbecco’s Modified Eagle’s Medium (FisherSci, Cat: BW12-709F) 
(DMEM) was selected as a typical nutrient-rich cell growth media used for conditioning 
in the HypoxyCOOL. DMEM brand media serves as a model because of its versatility 
and popularity in various lab settings. DMEM has an approximate salinity of 6.329 g/L. 

HypoxyCOOLTM Optimum Settings

A basic media conditioning protocol was performed in order to determine the 
optimum settings for gas concentration (O2 and CO2), temperature, and platform rpm 
in the conditioning chamber. Conducting media conditioning under these conditions 
resulted in the greatest deoxygenation of media. Results were tested for accuracy 
and repeatability. In addition, the efficacy of the device to maintain set conditions 
throughout the entire conditioning cycle was tested. 

HypoxyCOOLTM  Media Conditioning System 
from The Baker Company

Effect of Carbon Dioxide Inclusion

Variable manipulation of CO2 concentration during the conditioning cycle was performed to correlate CO2 concentration in the chamber and pH stability 
in media. Oxygen concentration, agitation rpm, and temperature were maintained as controlled values. 

DMEM Studies

Test procedures involved measuring three bottles of DMEM in a Ruskinn gas-controlled workstation. The media had no additional supplements in this 
test. The addition of typical supplements may yield slightly different conditions. The workstation was set to the following parameters: 1% O2, 5% CO2 and 
Hypoxic. Hypoxic is a term the instrument uses to set certain internal parameters. DO (ppm), temperature (°C), and pH were quantified using a Hanna 
Instruments HI 2400 Dissolved Oxygen Bench Meter, Clark electrode, and a standard pH meter (used in all media testing), respectively. After initial point 
measurements, media was conditioned in the HypoxyCOOL unit at the parameters previously stated for 1.5-hour, 3-hour, 5-hour, or 8-hour periods. At 
least three trials were done for each time set point. A specific protocol (HypoxyCOOL Product Performance Testing Test protocol-Revision B 02Apr2013) 
for maintaining reproducibility of results was developed and followed for all media conditioning experiments. Later experiments compared the efficacy 
of the HypoxyCOOL conditioning cycle with and without refrigeration (4°C ± 2°C or ambient room temperature). 

Effect of Conditioning on Shelf Life 

DMEM was tested by the following parameters: DO, pH, and ppm. Conditioned DMEM was refrigerated at 4°C ± 2°C and measured in a Ruskinn gas 
controlled workstation (1% O2, 5% CO2, approximately 30°C) at intervals of 1, 2 and 3 days and 1, 2, and 3 weeks to measure the efficacy of conditioned 
media in a low-O2 environment. The objective was to tabulate a timeline of extinction for post-conditioning values. 

Unconditioned Media Shelf Life Test

Conventional methods of conditioning media include uncapping media in the workstation to allow media to equilibrate with the controlled gas chamber 
settings. Replication of this practice was performed to compare media conditioning via opening bottles to the elements within the workstation (1% O2, 
5% CO2, approximately 30°C) to media conditioning via the HypoxyCOOL.

Water Baseline 

Achieving a baseline for measurements in water helped validate the empirical methods for measuring DO, temperature, and ppm, in addition to isolating 
the relevant factors which influence decreases in DO. Two bottles of water were compared: one chilled to 4°C and one at ambient room temperature on 
the workbench outside the gas controlled apparatus chamber. 

Figure 1: pH stabilization with the inclusion of CO2 gas during media conditioning. Figure 2: pH values without the inclusion of CO2 during media conditioning.
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Figure 3: Deoxygenation at 90 rpm. Figure 4: Deoxygenation at 120 rpm. Media contains lower concentrations of DO post-conditioning.
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Figure 6: Effect of temperature on DO in liquids.
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Figure 5: Comparison of effectiveness of conditioning cycle with and without refrigeration at 4°C. Deoxygenation of media with refrigeration yields more stabilized results.
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Figure 7: Comparison of temperature probes in liquid media fresh from cold storage.

Figure 8: Media bottles post-workstation test. 
Contamination observationally evident

in Bottle 3 (far right).

In contrast, conditioning culture media at various times (1.5, 3, and 5 hours) with the HypoxyCOOL device produced both repeatable and reproducible 
results that consistently generated a common trend (Figure 9). For example, after a 3-hour conditioning cycle, media measured at 1.88% (±0.41%) DO 
with stable nontoxic pH values. The culture media conditioning curve, in ppm, correlates with the DO curve.
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Figure 9: DMEM conditioning curve for intervals of 1.5, 3 and 5 hours.
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Partially due to the inclusion of refrigeration, the HypoxyCOOL device was successful in conditioning the culture media while concurrently inhibiting the 
growth and proliferation of potential biological contaminants.  

Variation in results is derived from variation in initial DO values in new media, which range from approximately 10-12%. Not all DO and ppm values in a 
batch of media are congruent upon arrival of shipment. The media sampled for this experiment was variable for each bottle upon initial measurement. 
However, ΔDO and Δppm (comparing values before and after conditioning cycles) are consistent within + 0.001 of a point. This implies that the HypoxyCOOL 
conditioning cycle has an indiscriminate effect on culture media with initial measurements of 10-12% DO. 

While tabulating a timeline of extinction for deoxygenation in post-conditioned media, an unexpected problem arose. Upon completion of post-
conditioning measurements, the bottles are closed with standard manufacturing seal caps and placed in cold storage. The anticipated results outlined a 
gentle oxygenation of media due to temperature.

Thermochemical principles state that cold liquid media has the capacity to contain higher concentrations of DO than media at room temperature. 
However, the media continued to deoxygenate over time but seemingly leveled out (Figure 10). Conditioning post-HypoxyCOOL cycle is hypothesized 
to occur due to replacement of head space in the bottle with low oxygenated air from workstation. Movement of O2 from the liquid to the headspace of 
the bottle is attributed to the high density of nutrient-rich DMEM liquid media compared to the low-O2 (1%) air in the headspace. 

Furthermore, results suggest post-conditioned media with values of lower than desired %DO may require oxygenation before continuing use to minimize 
toxicity. Data also shows minimal fluctuation in pH of media stored post-conditioning cycle, given that contaminants are not present in the liquid post-
measurement.  

Figure 10: Degradation of DO in media over time. Media was conditioned and stored. Average DO post-conditioning was 2.09%.
DO of liquid media was quantified after storage post-conditioning cycle.

CONCLUSION
 
The HypoxyCOOL device has the capacity to precisely condition media 
to a set DO value. Within three hours, cell growth media contained 1.88% 
(±0.41%) DO by mass, minimizing time spent by researchers preparing 
cell growth media for cellular applications. Furthermore, by abiding to 
the media testing protocol, specific DO concentrations within media 
are predictable, achievable, and programmable so that researchers can 
condition media to desired DO concentrations. Utilizing HypoxyCOOL 
technology eliminates uncertainty in conditioning outcomes and 
consistently relieves oxidative stress experienced by cells in liquid 
media culture.

Despite HEPA filtration,  the conditions within the HypoxyCOOL 
chamber were clean but not sterile. Contamination occurred, which 
had an expected detrimental influence on pH and media appearance. 
The media contamination event may have been exacerbated by 
the type and frequency of measurement; therefore, the extent of 
contamination observed may not be typical of a single exposure of 
non-sterile media. However, data collected from this experiment 
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demonstrated that because microbial contamination in a non-sterile 
environment can occur within 24-72 hours post-exposure of non-
sterile media to a challenging environment, employing such methods 
for conditioning cell growth media prior to cell plating and incubation 
is unpredictable and comes with costly risk. Further investigation in 
a contained environment is necessary to mitigate the contamination 
issues encountered in the available laboratory space.


