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An imbalance in medium osmolarity is a determinant that affects cell culture longevity. Even in humidiﬁed incubators,
evaporation of water leads to a gradual increase in osmolarity over time. We present a simple replica-moulding strategy for
producing self-sealing lids adaptable to standard, small-size cell-culture vessels. They are made of polydimethylsiloxane
(PDMS), a ﬂexible, transparent and biocompatible material, which is gas-permeable but largely impermeable to water.
Keeping cell cultures in a humidiﬁed 5% CO2 incubator at 37°C, medium osmolarity increased by +6.86 mosmol/kg/day
in standard 35 mm Petri dishes, while PDMS lids attenuated its rise by a factor of four to changes of +1.72 mosmol/kg/
day. Depending on the lid membrane thickness, pH drifts at ambient CO2 levels were attenuated by a factor of 4 to 9.
Comparative evaporation studies at temperatures below 60°C yielded a 10-fold reduced water vapour ﬂux of 1.75 g/day/
dm2 through PDMS lids as compared with 18.69 g/day/dm2 with conventional Petri dishes. Using such PDMS lids, about
2/3 of the cell cultures grew longer than 30 days in vitro. Among these, the average survival time was 69 days with the
longest survival being 284 days under otherwise conventional cell culture conditions.
[Blau A, Neumann T, Ziegler C and Benfenati F 2009 Replica-moulded polydimethylsiloxane culture vessel lids attenuate osmotic drift in longterm cell cultures; J. Biosci. 34 59–69]

1.

Introduction

Keeping dispersed cells or organotypic preparations of brain
tissue or other organs alive in long-term culture to study
phenomena such as cell differentiation, rise and change of
electrical activity or ageing is a desirable but challenging
task. In general, the longevity and functional availability
of cell cultures are mainly limited by contamination with
pathogens, non-optimal medium composition, mechanical
stress as well as ﬂuctuations in temperature, pH or osmolarity
leading to dedifferentiation, senescence, or apoptosis
(Kallos et al 1999; Bruner 2003). While hyperosmolarity

alters cell physiology and gene expression (Chen et al 2007;
Morita 2007; Wuertz et al 2007), it does not seem to limit
cell viability per se (Arimochi and Morita 2005; Olsen et
al 2005), and does not affect every cell type to the same
extent (Luh et al 1996). However, studies have shown that
stabilization of osmolarity has a beneﬁcial effect on the
longevity of neurons in cell culture (Maher and McKinney
1995; Potter and Demarse 2001).
Various strategies and devices have been proposed and
described in the literature which allow the study of in vitro
preparations with life spans between days (Walker et al
2002; Dong and Buonomano 2005) and weeks (Goldman
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and Nedergaard 1992; Gross and Schwalm 1994; Yeung
et al 2001; Vicario-Abejón 2004; Martinoia et al 2005)
up to several months (Kim et al 1988; Xiang et al 2000;
Lesuisse and Martin 2001; Zhang et al 2005; Krause et al
2006). In a few cases, they even reached one year (Schmied
et al 2000) and beyond (Potter and Demarse 2001). Most
of the presented culture devices with or without perifusion
capabilities were designed as stand-alone systems intended
to replace standard culture vessels (Ince et al 1985; Bavister
1988; Forsythe and Coates 1988; Klebe et al 1990; Pentz
and Horler 1992; Hing et al 2000; Leclerc et al 2004; Prokop
et al 2004; Ho et al 2005; De Bartolo et al 2006; Petronis et
al 2006).
Cell cultures grown in non-sealed culture dishes are usually
exposed to rather drastic changes in their microenvironment
as soon as the door of the incubator is opened; in particular,
when they are removed from the incubator, e.g. for medium
replacement or imaging. Such changes include not only
temporary ﬂuctuations in temperature and pH, but also
signiﬁcant water evaporation. In addition, the risk of
airborne pathogens entering the culture container, or of
cultured pathogens or toxic chemicals leaving the container,
e.g. by spills, has to be considered.
In principle, the cell culture microenvironment may
be stabilized with respect to particle exchange with the
environment by simply sealing the culture container.
However, depending on the type of seal, the exchange of
oxygen, nitrogen and carbon dioxide may be compromised.
Therefore, an ideal sealant should be biocompatible,
autoclavable, transparent and permeable to gases, while
preventing the absorption or evaporation of water and any
other particle transfer. By making use of ﬂuorinated ethylene
propylene (FEP) foils, a sealing approach meeting these
requirements for the most part was presented a few years ago
by Potter and DeMarse (Potter and Demarse 2001). More
recently, a seal made of polydimethylsiloxane (PDMS)
was mentioned by Morin et al (2005). PDMS is easily
mouldable and has many favourable properties. Here, we
describe a versatile fabrication approach for self-seating
PDMS lids. Their performance in reducing medium
evaporation and thereby extending the lifespan of cell
cultures is documented in comparison with commercially
available FEP-foil lids, standard polystyrene (PS) Petri
dishes and 24-well plates.

Corporation 2005]; Elastosil RT 601, 45 Shore [Wacker
2006]) (Morton 1987). Details of the physicochemistry of
this polymer including information on its gas and vapour
permeability can be found in Supplement A. Elastomer resin
and catalyser crosslinker agent were combined in an inert
container at a 10:1 ratio (w/w) with the optional addition
of dye pigments. The compounds were mixed using a metal
spatula. Uniform distribution of entrapped air bubbles
indicated sufﬁcient homogeneity of the mixture. It was then
degassed in a desiccator using a membrane vacuum pump
(KNF Neuberger, Laboport N86KN18) for less than 15 min
while periodically breaking the vacuum to rupture bubbles
that surfaced. The mixture had a honey-like viscosity and
was workable for about 30 min at room temperature. It was
poured into the cavities of a template and cured within 24 h
at room temperature, within two hours at 60°C, or within
half an hour at 85°C.
2.2

Moulding master templates

The PDMS was cast against a master. When the PDMS
precursor mix was cured therein, the polymer would
take on the shape of the master. A single master template
allowed production of a large number of identically shaped
PDMS lids. The most basic negative moulding template
was assembled from two parts: a short rod with a diameter
matching the outer diameter of the cell culture dish formed
the inner cavity of the lid. The rod was hung centrally into
a moulding dish with a somewhat larger diameter than the
actual culture dish. It was held in place, for example, by two
needles, which pierced the rod in parallel. The moulding
dish deﬁned the outer shape of the lid (ﬁgure 1). Both
parts, the rod and the moulding dish, had polished surfaces.
This not only helped in releasing the cured lid, but gave it
a transparent surface suitable for microscopy. Combining
different rod diameters allowed for variation in shape of the
inner lid. An adjustable template was designed to produce
lids with various vertical dimensions that ﬁtted glass rings
on microelectrode arrays (MEAs) (OD 24 mm, ID 20 mm).
The design and fabrication of the lid are described in detail
in Supplement B; the CAD representation can be found in
Supplement D.
2.3

2.
2.1

Gravimetry

Materials and methods

Mixing, moulding and curing of PDMS

The PDMS elastomer was generated from a two-component
vinyl addition system in which a platinum complex
catalysed the addition of silicone hydrides to vinylsubstituted silanes (Sylgard 184, 50 Shore A [Dow Corning
J. Biosci. 34(1), March 2009

Evaporation from the culture containers was documented
by gravimetry. To reduce data acquisition time, evaporation
was studied at elevated temperatures. A balance (BS150A,
50 μg resolution) was allowed to thermally equilibrate at
either 55°C or 60°C in a drying cabinet. A cell-culture dish
was ﬁlled with distilled water at room temperature, capped
and placed on the prewarmed scale. Relative weight changes
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While taking a cell culture out of the incubator and
exchanging its medium under the sterile workbench, it
was assumed that the ventilation at the sterile bench would
accelerate water evaporation compared with non-ventilated
environments. In this study, however, these effects have
not been investigated for their individual contribution to
the presented changes in osmolarity. Osmolarities were
measured using a vapour pressure osmometer (Wescor,
Model 5500) which was calibrated with a 290 mosmol/kg
standard immediately before taking 10 μl samples from each
dish.
2.5

Figure 1. Sketch of a simple approach towards lid fabrication
using (1) a two-part moulding template and two ﬁxation needles.
(2) Uncured but degassed polydimethylsiloxane (PDMS) is poured
into a plain moulding dish with a slightly larger diameter than
the cell-culture dish. A polished rod with two diameters – one
matching the outer, the other the inner, diameter of the cell-culture
dish – is immersed into the PDMS and held in place by two ﬁxation
needles in parallel to leave some space for the formation of the lid
membrane at the bottom. After curing (3), the PDMS is allowed
to cool to room temperature and is then peeled from the template
(4). Ethanol helps in the peeling. After sterilization (autoclaving
or 70% ethanol), the ready-to-use lid will seal a cell-culture dish
against water evaporation and particle exchange while permitting
the passage of gases (5).

A temperature-compensated pH-meter (Testo, Model 252)
was calibrated using standard buffer solutions (pH 7 and 10).
The sensor shaft was inserted into a circular cutout of either
a PDMS lid with a 2 mm thick membrane or the PS lid of
a Petri dish. Although the cutouts matched the diameter of
the pH sensor shaft, a small amount of PDMS was applied
around the insertion and cured overnight at room temperature
to ensure complete sealing with respect to water evaporation
through the insertion gap. The lid with the pH meter was
placed on a culture dish containing Hanks balanced salt
solution (HBSS) (1 ml for a PDMS lid on a glass ring
container, 3 ml for a 35 mm Petri dish). Measurements were
made at regular intervals during incubation in a standard
humidiﬁed incubator at 37°C with a 5% CO2 atmosphere
and outside the incubator on a heating plate at 33°C and
ambient CO2 levels.
2.6

were recorded every minute, transferred to a computer by
a serial connection and plotted versus time. For PDMS
and FEP membrane lids, evaporation experiments were
performed twice; for all other lid types, just once.
2.4

Osmolarity studies

Changes in the osmolarity of the cell-culture media were
monitored regularly for various lid-capped cell cultures.
Random samples were taken over several weeks.
In a second comparative study, the rise in osmolarity
was recorded for PDMS, for milled polytetraﬂuorethylene
(PTFE) lids with FEP membranes as well as for PS Petri
dishes for 15 consecutive days (excluding weekends).
Experiments were performed with saline under normal
culture conditions in a humidiﬁed 5% CO2 incubator without
using cells or any buffer system. In some of the culture
containers medium exchange was simulated by removing
500 μl of saline and replacing it with 550 μl of fresh saline
three times a week.

pH studies

Cell culture and documentation

Serum-free cultures of neural networks from dissociated
brain tissue of embryonic chicken (E8–E11) or neonatal rats
were prepared and maintained on MEAs. All procedures
were performed in line with the European guidelines for
animal welfare. Procedural details have been described
previously (Blau et al 2001; Blau and Ziegler 2001). Brieﬂy,
chicken eggs (Gallus domesticus) were incubated for 8–10
days in an egg incubator at 37.5°C and 60% humidity with
automatic turning every 6 h. Cortical and hippocampal
tissues were extracted from the brains of chicken and
newborn Sprague-Dawley rats, respectively. Tissues were
trypsinized (0.25% trypsin/1 mM EDTA) for 15 min at
36°C, and gently triturated thereafter (without generating
air bubbles). Cells were plated on MEAs coated with
laminin (10 μg/ml) and poly-L-lysine (10 μg/ml) at a density
of 15 000 cells/mm2 and held in NeurobasalTM medium
(Gibco) containing B27 supplement (2%, Gibco), fatty acid
supplement (0.1%, Sigma), lipid mixture (0.1%, Sigma),
alanyl glutamine (2 mM, Gibco) and sodium pyruvate
J. Biosci. 34(1), March 2009
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(1 mM, Sigma). The glass ring on top of each MEA, which
served as a culture medium container, was covered by the
PDMS lids. Cultures were kept in a humidiﬁed incubator at
37°C and in a 5% CO2 atmosphere. Half of the medium was
exchanged twice a week.
Neural electrophysiology was probed capacitatively by
means of MEAs, which consisted of 60 microelectrodes
(Ø 30 μm; spacing: 200 μm) embedded into the glass-like
cell-culture substrate. Data were recorded using a 60channel ampliﬁer and data-acquisition system (Multichannel
Systems). Network topography was documented using
a digital camera (Canon G2) installed on an inverted
microscope (Zeiss Axiovert) with phase contrast optics.
3.

Results

Replica-moulded PDMS lids without pigment additives were
transparent and self-sealed around cell-culture glass rings due
to the rubber-like texture and ﬂexibility of PDMS (ﬁgure 2).
3.1

Evaporation of water

Theoretically, gas permeability of PDMS is higher by
about 2–3 orders of magnitude compared with that of FEP

polymers. This also applies to its water vapour permeability
(see Supplement A). In this respect, PDMS would not seem
to be the material of choice for fabricating lids impermeable
to water vapour. However, as ﬁgure 3 suggests, PDMS
lids performed equally well in retaining water within the
culture dish when compared with an FEP membrane system
described previously (Potter and Demarse 2001). This
is most likely due to the greater thickness of the PDMS
membrane.
While the slope for the initial evaporation rate was about 6
times steeper for FEP membranes, evaporation rates through
PDMS and FEP membrane lids were comparable after such
an ‘equilibration’ phase. Puncturing a lid membrane with
a hypodermic needle (Ø 0.3 mm) led to an evaporation
rate about twice as high as that through a 1 mm PDMS
membrane, while it increased about 4-fold for 12.7 μm
thick FEP membranes. Mass changes for all other lid types
were comparatively steep due to their overall higher surface
area. For better comparison, area-normalized evaporation
rates were therefore plotted (ﬁgure 4). With 1.75 g/day/dm2,
PDMS lids yielded a more than 10-fold reduced water
vapour ﬂux compared with 18.69 g/day/dm2 for non-sealed
Petri dishes covered with original PS lids, and about a
20-fold reduced vapour ﬂux when compared with 34.93 g/
day/dm2 for 24-well plates. There was still about a fourfold
higher water vapour retention capacity when compared with
just sealing the air gap of native PS-lids of Petri dishes with
foil sealants such as NescoﬁlmTM or ParaﬁlmTM.
3.2

Figure 2. Photograph (top) and sketch (bottom) of a replicamoulded polydimethylsiloxane (PDMS) lid sealing a cell-culture
chamber (outer diameter [OD] 24 mm glass ring mounted onto
a microscopy slide). The head space of the lid was enlarged by
elevating the membrane about 5 mm above the edge of the glass
ring to avoid wetting the membrane by the cell-culture medium
through capillary forces. The PDMS transparency from 190 to
700 nm allows for any kind of light microscopy.
J. Biosci. 34(1), March 2009

Osmolarity

A comparative study between different lid and container
types under normal culture conditions in a humidiﬁed
incubator revealed that PDMS lids stabilized osmolarity
to increases of +1.72 mosmol/kg/day, which was about
fourfold less compared with conventional Petri dishes with
an increase of +6.86 mosmol/kg/day. Exchanging half of the
medium for fresh medium about 3 times a week attenuated
this increase by an additional 37% to +1.09 mosmol/kg/day.
PDMS lids stabilized osmolarity slightly better than tightly
seated PTFE lids with FEP membranes (+2.24 mosmol/kg/
day). Sealing regular Petri dishes or 24-well plates with a
ﬂexible laboratory ﬁlm (NescoﬁlmTM in this case) led to an
equally attenuated rise in osmolarity when compared with
PDMS or FEP membrane lids (data not shown). The osmotic
drift for different lid and container types at normal culture
conditions over a period of 15 days is depicted in ﬁgure 5.
3.3

pH

Petri dishes initially showed a rather linear increase in pH at
ambient CO2 levels with a pH slope of 0.6 h-1. Within a 5%
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Figure 3. Raw data plot with trend lines and linear regression factors for gravimetrically determined water evaporation through
different lid types and/or different culture containers at elevated temperatures. Evaporation rates through polydimethylsiloxane
(PDMS) (1 mm) and ﬂuorinated ethylene propylene (FEP) membrane (12.7 μm) lids on glass ring culture chambers were comparable
after a rather steep initial loss of water. Changes in water permeability upon compromising the membrane seal by a single puncture
with a syringe needle are indicated by arrows. Upward kinks in the curves coincide with the opening of the door of the drying cabinet.
The average evaporation per area per day was calculated from linear trend line slopes for different evaporation regimens and is plotted in
ﬁgure 4.

CO2 incubator, the pH dropped hyperbolically, initially at a
rate of –2.25 h-1, after 1 h asymptotically at a rate of about
–0.1 h-1. pH changes for FEP foil lids are given in Potter and
Demarse (2001) and are attenuated with respect to those in
Petri dishes. In contrast, pH changes for PDMS lids with a 2
mm thick membrane were much slower by about one order of
magnitude: 0.07 h-1 for an increase and –0.19 h-1 for a decrease
in pH. pH changes for a PDMS lid with half the membrane
thickness (1 mm) were about twice as fast (data not shown).
The overall pH changes with time are depicted in ﬁgure 6.

3.4

Culture longevity

Culture survival times were logged in a database. Making
use of the PDMS lids, two-third of the overall prepared
neural network sets from dissociated chicken or rat brain
tissue could be kept in serum-free culture for longer than
30 days. Of these, the average survival time was 69 days
following conventional cell culture and feeding protocols.
Till date, the longest culture period spanned over 9 months
(284 days). The graph in ﬁgure 7 gives an overview of the
J. Biosci. 34(1), March 2009
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Figure 4. Summarizing a comparison of trend line slopes from ﬁgure 3 depicted as average water evaporation through various lid types
at elevated temperatures (60°C or 55°C) in grams per day, and normalized per square decimeter of surface area of the cell-culture container
(N = 1 for each). Colour coding matches that of ﬁgure 3. Δt denotes the duration of each evaporation regimen in hours, for which the linear
regression was performed.

number of culture sets in which at least one of the cultures of
a preparation survived for the given period of days. Figure 8
exemplarily depicts the stability of network topography over
a period of 124 days. The presence of network activity as a
criterion for culture viability is depicted in ﬁgure 9 at 77 and
123 days in vitro (DIV).
4.

Discussion

We presented a new lid design based on a PDMS replicamoulding strategy. Such lids are easy and economical to
produce. In their non-modiﬁed states, rubber-like PDMS lids
are transparent, hydrophobic, autoclavable, biocompatible,
easy to clean and almost indestructible under conditions
of normal use. They permit long-term examination of
dynamic cellular behaviour while satisfying fundamental
requirements for maintaining environmental conditions
J. Biosci. 34(1), March 2009

that support cell viability. Such lids not only increase cell
culture longevity by sealing culture containers to airborne
pathogens but also by slowing down water evaporation and
thus stabilizing medium osmolarity. Due to the ﬂexibility of
PDMS, they smoothly slide onto the container walls and are
thereby self-seating and seal-forming without any pressure
build-up. Furthermore, the replica-moulding concept can be
adapted rather easily to other small- to medium-sized culture
vessel geometries.
By means of the replica moulding strategy presented
here, a lid can be functionalized by embedding other parts
such as temperature sensors, counter-electrode wires,
heating resistors, tubing, valves, optical components such
as lenses (Chen et al 2004), LEDs, optical ﬁlters, dye
pigments, or less gas-permeable polyester or glass windows.
The surface properties and wettability of PDMS can also be
tuned, e.g. by oxygen plasma treatment, corona discharge,
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Figure 5. Comparison of the rise in osmolarity for polydimethylsiloxane (PDMS) and ﬂuorinated ethylene propylene (FEP) lids on
24 mm glass ring containers, and for regular polystyrene (PS) Petri dishes, all under standard cell-culture conditions (storage at 37°C in
a humidiﬁed 5% CO2 incubator): Petri dishes (squares, N = 2), polytetraﬂuorethylene (PTFE)/FEP lids (diamonds, N = 2) and PDMS lids
with 1 mm membranes without (empty circles, N = 2) and with medium change 3 times a week (ﬁlled circles, N = 2). In the latter case,
osmolarities were measured immediately after 50% medium exchange. Colour coding matches that of ﬁgure 3. Trend line slopes (change in
mosmol/kg/day) are: Petri dishes, 6.86; PTFE/FEP lids, 2.87; PDMS lids w/o medium exchange, 1.72; PDMS lids with medium exchange,
1.09. If only the values for the better-performing PTFE/FEP lids are evaluated (lower bar termination of diamonds), the extrapolated change
per day of 2.24 mosmol/kg/day is closer to that of a PDMS lid (trend line not shown).

or UV-assisted grafting of hydrophilic polymers onto the
PDMS surface (Hu et al 2002). Flexibility may be adapted
by varying the mixing ratio of the PDMS base and its
crosslinker, or by choosing PDMS products of different ﬁnal
shore hardness.
PDMS lids performed slightly better in retaining
water within the culture dish than FEP membranes and
noticeably better than regular non-sealed culture containers.
Furthermore, changes in pH were slowed down by a factor of
4 to 9 compared with open systems. This factor depended on
membrane thickness. This may be explained by the reduced
gas permeability through PDMS compared with quasi-open
systems such as Petri dishes or thin ﬁlm lids. Given the long
survival rates of cultures grown in lid-covered glass ring
culture containers, reduced gas permeability did not seem to
have obvious detrimental effects on culture viability. On the
one hand, a slower change in pH translated into stretching
the time window for handling cultures at ambient CO2 levels
outside of an incubator (e.g. for MEA electrophysiological
experiments). Thus, the onset of negative inﬂuences on
culture viability through an elevated pH (Kallos et al 1999)

could be postponed. On the other hand, re-equilibration time
was slowed down by the same factor after returning the
cultures into the 5% CO2 incubator.
Like other membrane lids, PDMS lids are not self-sealing
when punctured by a needle, as its rubbery consistency
might suggest. As a result, medium evaporated as quickly
through these as through punctured polymer foil lids. Yet,
leaks in the PDMS membrane could be spotted rather easily
by the naked eye due to changes in the refractive index
at the PDMS/air interface. Unlike FEP foil lids, PDMS
lids could be repaired by ﬁlling any puncture or slit with
uncured PDMS. The seal and appearance after curing was
indistinguishable from that of a newly fabricated lid.
In conclusion, while any of the gas-permeable lids
proposed so far in the literature can only attenuate, but not
completely prevent, osmotic drift1, the versatile PDMS lids
1

A common strategy for compensating for water loss by evaporation is to dilute the fresh medium with sterile ultrapure water to
replace the old medium. An exemplary calculation can be found in
Supplement C.
J. Biosci. 34(1), March 2009

66

Axel Blau et al

Figure 6. pH adjustment over time for a polystyrene (PS) Petri dish capped with its original PS lid (squares, dotted lines) compared with
a polydimethylsiloxane (PDMS) lid with a 2 mm membrane (circles, solid lines). Increases (red) in pH were tested at ambient air in Hanks
balanced salt solution (HBSS) kept at 33°C on a heating plate. Decreases (green) in pH were observed in a standard humidiﬁed 5% CO2
incubator at 37°C.

Figure 7. Graph: Number of culture sets (black font) (Ntot = 284), in which at least one culture survived for the given age range (DIV,
days in vitro). Grey bold numbers depict the average age of cultures in DIV units within a given group. Inset: Control snapshot of neurons
stained by a combination of the mouse anti-MAP2 (Sigma, M-4403) primary antibody and the ﬂuorescently labelled secondary antibody
anti-mouse IgG-FITC (Sigma, F-0257). The neurons are entangled in a surrounding of neural processes and glia cells. While the latter
cannot be seen, the cell nuclei labelled by DAPI (Sigma, 4817) indirectly point to their presence. The culture belonged to a set originating
from dissociated cortical neurons from embryonic chicken (E10) that were plated onto 10 MEAs and kept in vitro for 56 days making use
of the PDMS culture lids. A different culture in this set survived for 132 days. Imaging: Zeiss Axioskop 2, Plan Neoﬂuar 20x/0.50 Ph2 (DIC
II), and AxioCamHR; white bar represents 20 μm.
J. Biosci. 34(1), March 2009
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Figure 8. Three comparative morphology snapshots of one and the same neural network (embryonic chicken) cultured on a microelectrode
array (MEA) after 1, 76 and 124 days in vitro (DIV). A dense carpet of initially rather loosely, at later stages intricately interconnected,
neurons on top of 16 of 60 electrodes is visible. The inset in the central picture shows an exemplary 500 ms trace of extracellularly recorded
action potentials at electrode 45 (arrow) after 77 DIV. Bars: bottom right, 100 μm; inset, (vertical) 50 μV, (horizontal) 50 ms.
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Figure 9. Two comparative network activity snapshots (duration: 1 s) on all 60 electrodes of the same MEA with the same culture depicted
in ﬁgure 8 after 77 days in vitro (DIV) (green traces) and 123 DIV (blue traces). While networkwide bursting activity predominated after two
months in culture, individual, non-synchronized action potentials with lower amplitudes prevailed after 123 days (arrows). Channels with faded
traces and/or channels without blue traces had interconnection problems to the ampliﬁer when the respective extracellular recordings were
taken. Inlaid numbers indicate the electrode position (column, row) within the 8 × 8 (minus 4 corner electrodes) electrode matrix.

described here were very effective in stabilizing osmolarity
with a 10-fold reduced water vapour ﬂux, and in attenuating
pH drifts by a factor of 4 to 9 as compared with conventional

Petri dishes. As a consequence of stabilizing culture
conditions, PDMS lids yielded a higher viability of cultured
cells and signiﬁcantly longer survival times in vitro.
J. Biosci. 34(1), March 2009
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