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Abstract
Medium evaporation is a common problem when 

using microplates for high-throughput cell culture. 

Specifically, cell culture in wells experiencing 

significant evaporation often gives unreliable 

results in subsequent cell-based assays. A common 

problem regarding evaporation is called the edge 

effects, where peripheral wells tend to have 

higher evaporation compared to central wells. 

This phenomenon would cause inconsistent and 

unreliable results for experiments performed in 

multi-well plates, including for cell culture assays.

Here we proposed C.NEST as the solution to 

minimize the evaporation and inconsistency caused 

by the edge effects. In this study, we compared the 

levels of evaporation from 24-well plates placed in 

C.NEST against those in an incubator, under both 

static culture and mixing culture condition for 7 

days.

Results show that in static culture, culturing in 

C.NEST results in lower evaporation compared to 

culturing in the incubator. Under mixing culture 

condition, use of C.NEST(with X.NEST Lid) not 

only results in lower liquid evaporation but a more 

homogenous distribution of evaporation level 

between wells, reducing the variations caused by 

edge effects. In conclusion, C.NEST can minimize 

medium evaporation and edge effects by providing 

stable and controllable cell culture conditions 

for multi-well plate culture when compared to a 

regular cell incubator.
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Introduction
Cell-based assay is widely used in life science 

research such as for metabolism, aging, cancer, and 

neuroscience studies, as well as in pharmaceutical 

development processes such as drug screening, 

cell line development, tissue engineering or cell 

therapy. Furthermore, by utilizing multi-well 

plates, researchers can perform cell-based assay 

at high-throughput scale with small volumes of 

valuable samples, which not only helps accelerate 

the development process but also lowers the cost 

of experiments. This makes high-throughput cell-

based assays in the multi-well plate a powerful 

tool for almost all biological applications.

However, a concern for using multi-well plate in long 

term cell culture is medium evaporation [1]. With 

medium evaporated and the volume deceased, 

the concentration of media components (nutrient 

or treated drug etc.) would increase, resulting in 

varying cell culture conditions between the wells 

and eventually leading to biased and unreliable 

assay results. Since plate peripherals (corners 

and edge) are more exposed to the surrounding, 

evaporation is often significantly higher for wells 

located in the peripheral region compared to wells 

in the central plate region. This well-documented 

phenomenon is known as the edge effects. In 

some studies, it has been shown that the uneven 

distribution of medium evaporation (edge effects) 

could cause problems in cell-based assays. For 

example, one study compared cell growth across 

different wells by comparing OD (optical density) 

measurements. When they plotted OD against 

row number and column number, they found that 

the relationship was a convex curve, indicating 

that there was systemic bias. [2] To circumvent the 

unreliable and/or biased assay results caused by 

edge effects, some researchers would sacrifice the 

wells located in the peripheral region and only seed 

cells in the central wells. However, this approach 

would result in reduced assay throughput, waste 

of incubator capacity and increased cost for 

consumables.

Various factors that affect evaporation have 

been discussed over the year, such as improving 

plate lid design, reducing humidity variability 

or lessening uneven thermal distribution of the 

cell culture environment. Here we propose using 

C.NEST microbioreactor to provide controllable 

and stable culture environment by minimize 

medium evaporation and edge effect. C.NEST 

microbioreactor have four independent and 

precisely controlled chambers for well-plate-based 

cell culture. Each C.NEST chamber is equipped 

with UV lights for sterilization, CO2 and humidity 

sensors for environmental monitoring, and heating 

modules for temperature adjustment. Therefore, 

C.NEST can provide a more stable culture 

environment compared to regular incubators, 

which, due to frequent opening and closing, has 

unevenly distributed humidity and temperature 

profile within the incubator. In addition, C.NEST 

could perform not only static culture but also mixing 

culture by its patented reciprocating method (with 

X.NEST Lid), whereas a regular incubator requires 

an orbital shaker installed inside in order to perform 

mixing culture. For static culture, each C.NEST 

chamber can fit two 96/384-well or one 24-well 

plate. As for mixing culture, each C.NEST chamber 

can fit one 24 or 96-well plate with their matching 

X.NEST Lid. The specially designed X.NEST Lid not 

only equivalizes the medium loss caused by mixing 

culture, but also enables evenly distributed mixing 

pressure, oxygen supply in each well of the multi-

well plate.

In this article, we compared medium evaporation 

for 24 -well plates placed in C.NEST against 

plates placed in a regular incubator. We tested 

two culture conditions, static culture and mixing 

culture, in both C.NEST and a regular incubator. To 

study the level of edge effects in each group, we 

further classified the wells on 24-well plates into 

corner, edge and central subgroups for comparison. 

After 7 days of incubation, we evaluated the 

evaporation percentage (%) of each group and 

subgroup. Results show that C.NEST not only 

gives lower total evaporation in static and mixing 

cultures, but also generates more homogenous 

evaporation pattern between wells that minimizes 

the well-to-well variation caused by edge effects. 

These findings prove that C.NEST provides better 

cell culture and cell-based assay environment than 

conventional incubators by reducing concerns of 

evaporation or edge effects.
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A. Methods of cultivation

To evaluate evaporation of media in static culture 

and mixing culture in different incubators, we 

placed 4 groups of 24-well cell culture plates 

(GREINER, CELLSTAR, No. 662102) (n=3) into 

C.NEST and a standard cell incubator (ASTEC, 

SCA-165DS) according to the chart above. To 

provide mixing culture, an orbital plate shaker 

(UENAGA, COSH6, No. 3-6560-01) was placed 

in the forementioned incubator with 130 rpm 

rotation speed. As for C.NEST, 24-well plates were 

used with X.NEST Lid and the reciprocate mixing 

speed was set to 10 seconds/cycle (continuous 

mode). All plates were incubated under standard 

cell culture conditions (37°C, 5% CO2, humidified 

atmosphere) in either the standard cell incubator 

or the C.NEST chamber.

B. Measurement of evaporation

At the beginning of the experiment, each plate 

was filled with 1400 μL of PBS (phosphate 

buffered saline) per well. After days of incubation, 

plates were removed from the cell incubator and 

the C.NEST chamber. The plates were allowed to 

equilibrate to room temperature for 40 minutes 

before measurements.

To evaluate the evaporation percentage of each 

well, we removed PBS inside the individual wells 

one at a time and weighed the plates using an 

electronic balance (SHIMADZU, ATX224). From 

the weight change measured by the balance, we 

can acquire the value of “g total PBS remained 

in well”. Then, with the formula listed below, we 

calculate the evaporation % in each well:

To compare the level of edge effects in each group, 

we further divided the wells on multi-well plates 

into three subgroups: corner, edge, and central 

region wells. The mean evaporation levels for the 

subgroups were calculated and depicted in the 

following figures.

Culture Condition Incubator Culture Days

Static culture

Cell incubator 7

C.NEST microbioreactor 7

Mixing Culture

Cell incubator (orbital plate shaker) 7

C.NEST microbioreactor (with X.NEST Lid) 7

Materials and methods
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Figure 1. Comparison of evaporation % in 24-well plates under static culture conditions.

Individual well evaporation % for plates(n=3) incubated in(A) a standard incubator or (B) C.NEST for 7 

days. (C) Mean evaporation % of corner wells(n=12), edge wells(n=36), central wells(n=24) and all wells. 

Results and discussion
After 7 days of incubation, we analyzed the PBS 

evaporation of individual wells in the plates. In 

addition, we averaged the evaporation percentage 

of central, edge and corner wells to observe the 

degree of edge effects in each group. Average 

total evaporation was also calculated to evaluate 

liquid lost in each group.

In 24-well plate group, the evaporation percentage 

were generally lower than 5% in static culture 

group (Figure 1). However, it is apparent that 

24-well plates placed in C.NEST had lower total 

evaporation and less evaporation level difference 

between corner, edge and central wells compared 

to the incubator group (Figure 1C).
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As for the mixing cell culture condition, evaporation 

was higher overall compared to that of the static 

culture. For plates placed in the incubator (Figure 

2A), serious edge effects were shown as some 

corner and edge wells had much higher evaporation 

levels compared to the central wells. Whereas 

for plates placed in C.NEST (Figure 2B), the edge 

effects were effectively minimized due to the 

homogenous distribution of evaporation between 

corner, edge and central wells. The overall average 

evaporation level (Figure 2C) was also lower in 

C.NEST.

Figure 2. Comparison of evaporation % in 24-well plates under mixing culture conditions.

Individual well evaporation % for plates(n=3) (A) placed on an orbital plate shaker in a standard incubator 

or (B) under reciprocate mixing with 10 sec/cycle in a C.NEST chamber(with X.NEST Lid) for 7 days of 

incubation. (C) Mean evaporation % of corner wells(n=12), edge wells(n=36), central wells(n=24) and all 

wells.
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Conclusion
As demonstrated in this article, C.NEST shown 

to provide a more stable culture environment 

compared to a regular incubator in static culture. 

For mixing culture, C.NEST with X.NEST Lid 

minimized evaporation and provided a more 

homogenous evaporation distribution, which 

helps researchers avoid any negative influences 

due to edge effects such as inconsistent media 

concentration, variation in temperature or oxygen 

level between wells in cell-based assays or cell 

culture. In conclusion, we believe C.NEST is the 

most reliable solution for your high-throughput cell 

culture and cell-based assays.
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