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Abstract- Invitro cell-based assays are widely used in the biopharma industry to determine the relative potency of drug
substance and drug product. As bioassays are performed on 96 well plate formats, one of the fundamental and
experimental issues is edge effects. Abnormal cell response curve is observed when wells are located at the edge of the
plate. In this paper, an experiment was performed to evaluate the edge effects of the 96 well plates. The experiment
results were used to confirm the suitable layout of the 96 well plates. This framework provides a systematic approach of
sample location in 96 well plate formats.
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I. INTRODUCTION
To evaluate the biopharmaceuticals, animal tests are generally adopted by the Globally Harmonized System (GHS)
classification and human health risk assessments. [1, 2] However, the cost of animal experiments is high and the
understanding of the mechanism of action remains limited. Currently, regulatory guidelines also considered the
testing of drugs on animals unethical and advised drug manufacturing organizations to switch for cell based assays.
Cell-based in vitro assay is an alternative to animal testing in safety/hazard assessments.
A popular technique in cell-based in vitro assay is the plate-based techniques, which provide a reliable assessment
for sample relative potency in comparison to the reference standard. The cell response throughout an experiment
leads to the determination of the potency of the drug. It has been widely used in many different research fields, such
as drug discovery, and toxicology investigations. [8-12] However, there are many practical challenges concerning
the variability of the assay due to many factors involved such as the variable response of the cells, cell growth, and
cell passage. One of the major challenges is concerning to the plate positions effects called as edge effects during the
course of long experimentation.[7] One goal during development is to find operating conditions for the assay so that
cell response to the analyte is free of systematic effects across the plate. These gradients may occur across rows,
across columns, or from the edge to the center of the plate and are termed as plate effects [13]
In the experiment, the cellular response in the edge well of the plate is usually different from that of the inner well,
especially in the plate x96 formats, which is described as the edge effect. There are two main reasons why the edge
effect appears: one reason is that the evaporation of long-term incubation causes the edge effect (evaporation effect),
because the evaporation efficiency of water in the edge well is higher than that in the inner well; and the other
reason is that the temperature of the edge well reaches the desired incubation temperature faster than that of the
inner well owing to plate stacking (temperature effect) [13].To evaluate the edge effect, the whole plate was filled
with the cells only (no drug compound): each well filled with 20000 cells in suspension in complete culture medium
and a plate effect is observed.
The rest of the paper is organized as follows. Material and Methods are explained in section Il. Experimental results
are presented in section I11. Concluding remarks are given in section 1V.

Il. MATERIAL AND METHODS
2.1 Problem statement —
In this study, the Plate x 96 well formats were selected as the experimental equipment and the schematic diagram of
a typical 96 well format is shown in Figure 1. The basic principle of this experiment is to evaluate and ascertain the
edge effect by monitoring the cell population changes at different location of the plate and monitor the cell number
indirectly by detection dye termed as Alamar blue

12 x 8 = 96 well format
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Figure 1. 96 well format
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2.2 Experiment design —

As shown in Figure 2d to evaluate the edge well effect, The procedure of the assay is as follows: As shown in Figure
2b, a certain cell line of 20,000 cells/well was added to each well of the x 96 -plate and incubated in the culture
medium about 24 h; second, compounds with different concentrations were added to the plate, highest from the top
and bottom and then plate was incubated for 72 h. After Incubation plate was taken After 70 + 2 hrs of incubation,
30 pL of pre-warmed Alamar blue was added to all the wells, shaken for 5 min at 300 rpm on plate shaker for proper
mixing and incubated the plate for 17+ 3 hrs at 37 °C and 5% CO2 in a humidified CO2 incubator. The plate was
removed from the incubator, cooled to room temperature by shaking on a plate shaker at 300 rpm for 30 minutes.
Plate was bottom read at excitation 530 nm and emission 590 nm in fluorescence mode using micro plate reader.
Raw data was analyzed using SoftMax Pro software with 4 parametric logistics. Fluorescence raw data value is
directly proportional to the cell proliferation index as shown in Figure.3c

As shown in Figure.3d, the observed fluorescence raw data values were lesser at edge wells compared to the inner
wells; this was named as the edge effect.

To further ascertain the plate effect as shown in Figure 2c¢, 96 well plates was divided in zone 3, zone 1 was kept at
the vertical left side of the plate; Zone 2 is exposed at the horizontal top of the plate. While zone 3 is considered as
inner wells and also considered as a reference standard to evaluate the differences between the three zones.

As shown in Figure.3c and 3d, the time-dependent cellular response curves (TCRCs) of zone 1 and zone 2 (edge
wells) were significantly different from the TCRCs of inner wells. The raw fluorescence values were observed to be
very less from Al to A12 while the same type of effect was observed in column 1. This confirms the edge effect,
Also the % CV was observed to be more than 20 %, sequentially Al to 12 wells values were lesser than Row B 1-12
and C1-12 values, this was named the edge effect. While at column 1 also observed to lesser value compared to 2
and 3 columns. To describe the differences, the standard deviations and % CV was taken as shown in Figure 4.The
mean NClIs of the inner wells were set as standard.
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Figure 2. (a) Plate showing Edge wells (b) Plate design showing 20K cells/well (c) Plate design to evaluate edge
effects

3.1 Results:

I11. EXPERIMENT AND RESULT

The bar graph for the cell distribution/Row and columns is as shown in figures 3 and 4. It is evident that the cell
recovery at H and A row were lesser than B to G. with this, it can be confirmed that there is an edge effect at the
highest and lowest rows of the plates. Similarly, it has also been observed that column 1 and column 12 were
observed to be lesser cell values compared to inner columns of the plate. Therefore it is regarded as a confirmed
edge effect at all four corners of the plates as shown below in Figures 3a and 3b.
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Figure 3. (a) Cell distribution rows wise (b) Cell distribution column wise (c) Plate raw data (d) Plate masked data
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Figure 4. (a) Zone-1 calculative data (b) Zone-1 calculative masked data (c) Zone-2 calculative data (d) Zone-2
calculative masked data (e) Zone-3 calculative reference data
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Figure 5. (a) 4PL graph between raw data (b) 4PL graph between masked raw data

3.2 Discussion:

The raw plate data obtained as shown in Figure 3(c) was identified as a plate position effect on vertical left and top
horizontal of the 96 well format of the plate. The % RSD obtained at zone-1 and zone -2 is more than 20 % higher
than zone -3 which is placed at the inner side of the plates. When the Zone-1 1st column was masked, the % relative
standard deviation was observed to be less than 20 % at all the doses. Similarly when zone-2 upper horizontal row
from A4 to A11 was masked the % relative standard deviation was observed to be less than 20 % at all the doses.
Since all the masked value as shown in Figure 3(d) was observed to be lesser than other replicates, it indicates edge
effect due to evaporation, leads to a reduction in lower value compared to other replicates, which upon masking
bring the reading under precision conditions. Since the zone-3 was sandwiched and placed in the inner side of the
wells, there are no edge effects observed in the plate. This indicates that zone-3 is the best position in the plate to
evaluate the results.

As shown in Figures 5a and 5b, there is an evident observation that analysis of the plate is more appropriate in a
horizontal manner compared to vertical, As zone-1 raw data value is quite different from zone 2 and zone-3, while
zone-2 values/curve are similar to the zone -3 which indicates that zone-2 position is suitable in between the inner
side of the wells.

IV. CONCLUSION
The primary goal of this work was to develop an effective approach to detect/evaluate the edge effect, which can
help technicians rapidly screen plate layouts which are fit for the Invitro assay development and reduce the biases in
the assay values. A lot of statistical software was used to determine this. The statistical method effectively
determined the edge effect and reduced the risk of error by manual screening.
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Although the results demonstrated the effectiveness of the proposed method, future research should include the
following:

e The choice of significant levels should be discussed based on the statistical data,

e Edge wells should be tested in addition to the negative control;

e Certain screening strategies should be discussed.
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