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Abstract
The combination of multiple chemistries for the evaluation of toxicity, viability and proliferation of cells after culture on a biomaterial is of particular interest in the biomaterials screening field. In this study, we have developed
a specific multiplex method combining three commercially available cell-based assays using the Liquid Handling
Workstation epMotion® 5070 to assess the basic compatibility of cell/biomaterial combinations. Considering the
fact that a typical cell culture experiment includes two major sources of variation, biological (cells) and technical
issues (pipetting), the current approach includes an optimization study followed by a method development phase.
Results show that the implementation of the epMotion 5070 multiplexed cell-based method is successful and
advantageous for a standardized analysis of cytotoxicity of cell/biomaterial constructs.

Introduction
Biomaterials for biomedical applications must be evaluated
for their cytocompatibility in vitro and for their biocompatibility in vivo. It is generally accepted that biocompatibility means the absence of a cytotoxic effect and positive
effects in terms of biofunctionality [1]. Therefore, common
procedures in the biomaterial screening process are the
analysis of cell viability (integrity of the cell membrane),
cytotoxicity (loss of membrane integrity) and apoptosis
(programmed cell death) [2].
Nowadays, modern automated systems can greatly increase the throughput of a laboratory by rapidly and tirelessly
performing processes that would have been previously
done manually, such as seeding, washing and handling
plates. Importantly, there are studies pointing out the persistent and increased risk for lab workers to develop repetitive strain injuries, particularly in the arm and hand, due to
the repetitive action of pipetting [3].

Cell-based assays are laborious, expensive, time consuming and usually difficult to automate because of the
necessity to work under sterile conditions. Performing
assays in a multiplex format may be even more attractive to medium- to high-throughput screening facilities.
Conversely, there are still barriers that prevent laboratories
from adaptation changing to this configuration as working
groups are frequently submitted to short deadlines and
increased pressures to produce work that it was been created in a situation where they do not have the time or personnel (or both) available to develop new assays.
In the present Application Note, a combination of viability,
cytotoxicity and apoptosis cell-based assays (Promega) in
a 96 well microtiter plate multiplexed format is adapted to
a low to medium-throughput format platform, the Liquid
Handling Workstation epMotion 5070 (Eppendorf) for cytocompatibility testings of biomaterials.
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Materials and Methods
Eppendorf epMotion 5070 equipped with:
• Reservoir Rack
• Dispensing Tool TM 300-8
• Waste Tub
Eppendorf Consumables:
• epT.I.P.S® Motion pipette tips 300 µL
• 30 mL Reservoirs

Automated Multiplexed Method
First, the Eppendorf epMotion 5070 worktable was loaded
with all three required reagents (prepared according to
manufacturers instructions), one reagent per reservoir at
B1, plus one reservoir with cell culture medium, as shown
in Figure 1.

Consumables and reagents from other vendors:
• CellTiter-Blue® Cell Viability Assay (Promega)
• CytoTox-ONE™ Homogeneous Membrane Integrity
Assay (Promega)
• Apo-ONE® Homogeneous Caspase 3/7 Assay
(Promega)
• Fluorometer (BMG Labteck)
• 96-well Tissue Culture Plate (BD)
• 96-well Black Plate (Greiner Bio-One)
• Cell culture RPMI 1640 medium (Gibco)
• L929 mouse fibroblasts (DSMZ)
Optimization studies
A diluting function analysis was performed and consisted
of the transfer of 200 µL of a concentrated cell solution
(200,000 cells/well) on the first column of a 96-well microtiter plate (8-channel tool, 300 µL tips, reagent transfer command, mix before aspirating), then 100 µL of medium were
added to each of the remaining 11 columns (8-channel tool,
300 µL tips, reagent transfer command, multidispensing).
A successive dilution of ½ of the volume followed from
column to column (8-channel tool, 300 µL tips, dilute command, mix before aspirating, change tips before each aspiration, dispense from top). The same procedure was done
manually using a 10-100 µL 8-channel pipette (Eppendorf).
The biological character of a cell suspension in addition
with technical issues is the major source of variation in typical cell culture experiments. Minimization of pipetting errors
inherent to biologically variable experiments is crucial. To
analyse pipetting errors on biological samples, 100 µL
of a cell suspension was added to each well of a 96 well
plate using four distinct methods (the epMotion 5070 Liquid
Handling workstation from Eppendorf, the liquid dispenser
machine Plate Fill from CyBio, a manual 1-channel pipette
and a 8-channel pipette both from Eppendorf). The amount
of viable cells was used as basis of comparison for all
results.Therefore, the CellTiter-Blue® Cell Viability Assay
was used after both procedures.

Fig. 1: Worktable of epMotion 5070 loaded to initialization of
multiplexed cell-based method.
A1: epT.I.P.S. Motion 300 µL
A2: 96 well reading plate
B1: Reservoir
1 –culture medium
2 – viability reagent
3 – cytotoxicity reagent
4 – stop solution
5 – apoptosis reagent
6 – no reservoir
7 – empty reservoir
B2: cultured plate

Then the 96-well microtiter plate containing the cell suspensions was positioned on B2 while one empty 96-well Black
Plate (reading plate) was placed at A2.
According to each of the three cell-based assay protocol
requirements (Figure 2), we defined the following: first, 90 µL
of supernatant from each well of the cultured plate were
transferred to corresponding wells of the 96-well reading
plate to perform the cytotoxicity assay (8-channel tool, 300 µL
tips, sample transfer command, changing tips before each
aspiration, dispense from top), next, 10 µL remaining medium were discarded from each well of the cultured plate to
the empty reservoir 7 (8-channel tool, 300 µL tips, pool to
one destination command, changing tips before each aspiration).
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Fig. 2: Requirements and procedure of three protocols to be
adapted to a single multiplexed cell-based method using the
epMotion 5070

After that, 100 µL new medium were transferred from
the robotic reservoir 1 to each well of the cultured plate
(8-channel tool, 300 µL tips, reagent transfer command,
multidispensing), then 20 µL of viability reagent were transferred from reservoir 2 to each well of the cultured plate
(8-channel tool, 300 µL tips, reagent transfer command,
multidispensing). Afterwards the user is required to remove
the cultured plate from the worktable to a 37 °C incubator
(user intervention command, alarm on, comment). Next, 90 µL
of cytotoxicity reagent from reservoir 3 was transferred to
corresponding wells of the 96-well reading plate containing
supernatant at A2 (8-channel tool, 300 µL tips, reagent
transfer command, multidispensing, dispense from top) and
a ten minutes incubation period is needed (wait command,
10 min.). After that, 45 µL of cytotoxicity stop solution
from reservoir 4 was transferred to each well of the 96-well
reading plate at A2 (8-channel tool, 300 µL tips, reagent
transfer command, multidispensing, dispense from top).
The user is then required to measure the cytotoxicity signal
using a fluorometer (user intervention command, alarm on,
comment). Afterwards a waiting period of 40 minutes for
viability incubation is left (wait command, 40 min.). Then,
the user is required to transfer the cultured plate form the
incubator to the position B2 of the epMotion 5070 worktable.

In addition, the user should supply a new 96-well reading
plate at position A2 (user intervention command, alarm
on, comments). Subsequently, 90 µL of supernatant from
each well of the cultured plate were transferred to each
well of the 96-well reading plate to perform the viability
measurement (8-channel tool, 300 µL tips, sample transfer
command, changing tips before each aspiration, aspirate
from top). A user intervention is then required in order to
measure the viability signal on the fluorometer and supply
a new 96-well reading plate at the position A2 (user intervention command, alarm on, comments). After that, 30 µL
remaining medium is discarded from each well of the cultured plate to the empty reservoir 7 (8-channel tool, 300 µL
tips, pool to one destination command, changing tips before
each aspiration), followed by the addition of 25 µL new
medium from the reservoir 1 to each well of the cultured
plate (8-channel tool, 300 µL tips, reagent transfer command, multidispensing). Then, 25 µL of apoptosis reagent
from reservoir 5 was transferred to each well of the cultured
plate (8-channel tool, 300 µL tips, reagent transfer command, multidispensing, dispense from the top) and a
120 minutes incubation period follows (wait command,
90 min + wait command, 30 min.). After incubation, 50 µL
of supernatant from each well of the cultured plate were
transferred to each corresponding well of the 96-well reading plate to perform the apoptosis measurement (8-channel tool, 300 µL tips, sample transfer command, changing
tips before each aspiration) and, finally the user is required
to measure the apoptosis signal using a fluorometer (user
intervention command, alarm on, comment).

Results
Two different experiments for comparison of the epMotion
5070 with manual pipetting procedures were accomplished
in the optimization study. First, the epMotion 5070 dilution
function and the manual dilution were compared. Second, the
epMotion 5070 and three other methods were evaluated in an
attempt to minimize pipetting errors as an effect of biological
variability, considering that biological effects are neither controllable, nor predictable.
The first study demonstrated that the automated diluting function is more accurate than the manual function because single
values achieved for theoretical and real dilutions are closer to
each other, as depicted in Figure 3. Besides, both standard
deviation (SD) values of the individual columns within an experiment and SD values between experiments are smaller in the
case of the automated platform so precision and reproducibility are higher for the dilution with the epMotion 5070 in comparison to the manual pipetting function.
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Fig. 3: A) Manual dilution results;
		
B) Automated dilution results expressed as normalized viability fluorescence ± SD.
			 Note red bars - real dilutions; grey bars – theoretical dilutions.

Significant differences (p<0.05) between manual and automated pipetting functions were found during the second
study of optimization. A range of 5-6 % total imprecision
(Figure 4) was measured for the epMotion 5070 pipetting
when working with heterogeneous solutions contrasting
with higher ranges of imprecision for the other methods
(liquid dispenser machine, 8-channel pipette and 1-channel pipette with imprecisions ranging between 10-21 %,
7-9 % and 6-11 %, respectively). Thus, it is shown that the
Liquid-Handling Workstation epMotion 5070 delivered the
highest precision values in use when biological variation is
included. More information about epMotion 5070 can be
accessed on the technical specifications provided by the
manufacturer [4].

Fig. 4: Study of the imprecision of 4 different methods
(epMotion® 5070, Plate Fill, manual 1-channel and manual 8channel) of pipetting biologically variable samples. Results are
expressed as normalized fluorescence ± SD.
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Fig. 5: A) Results for the multiplex assay using the epMotion 5070;
B) Results for the multiplex assay using a manual 8-channel pipette.
		 TCPS – tissue culture plastic; CONTROL – positive controls for each assay.

Results of the multiplex assay show that automation does
not affect the amount of measured fluorescence, as shown
in Figure 5. In fact, precision of the measurements is higher
when the multiplex protocol is done with epMotion 5070
comparing to manual 8-channel pipette handling, suggesting that assay performance is improved by automated
pipetting and protocol adaptation.

Conclusion
In the present Application Note it has been shown that
the Liquid Handling Workstation epMotion 5070 is a viable tool to automate multiplexed cell-based 96-well-scale
samples regarding compatibility analyses of biomaterials,
with minimal deck requirements, high accuracy and reproducibility.
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