
Abstract

The TopCountTM Microplate Scintillation Counter
quantitates radioisotopes by liquid scintillation count-
ing in standard microplate formats. Assays that
previously had to be transferred from microplates to
vials or to non-standard formats for counting can
now be quantitated directly in microplates. TopCount
can count up to 12 samples simultaneously with
performance comparable to that of discrete sample
liquid scintillation counters. Effects of sample quench
can be corrected with quench indicating parameters
based on the sample spectrum (tSIS) or, when using
the 4 X 6 format, external standard spectrum (tSIE).
With multiple detectors and the microplate format,
TopCount offers greater throughput, decreased cock-
tail consumption, more efficient sample handling,
and more secure sample identification. Samples
from a cytotoxicity assay and an enzyme inhibition
assay were counted on TopCount, and the results
were compared to those obtained with conventional
liquid scintillation and gamma counting.

Introduction

Biological assays are frequently performed in 96-
well or 24-well microplates, and the ability to quan-
titate radioactivity directly in microplate wells by
liquid scintillation counting is very desirable. With
the Packard TopCount Microplate Scintillation
Counter, liquid samples can be counted directly in
solvent resistant microplates (PicoPlatesTM) with a
choice of cocktail formulations that will accommo-
date a wide variety of samples. For aqueous samples,
two TopCount cocktails, MicroScintTM-20 and Mi-

croScintTM-40, have been specially formulated to
provide optimal performance with up to about 20%
and 40-50% of water, respectively. These cocktails
have the desirable features of an environmentally
benign solvent, excellent sample holding capacity,
and quench resistance.

TopCount simultaneously counts up to 12 samples
in the 96-well format or six samples in the 24-well
format. By maintaining the microplate format for
quantitation, less sample handling is required,
pipetting errors are minimized, and liquid handling
can be facilitated with multiple pipetting devices or
standard automatic liquid handling systems.
TopCount uses less scintillation cocktail than con-
ventional systems and thus, minimizes waste dis-
posal costs.

TopCount is evaluated here for counting efficiency,
quench correction and DPM recovery for single and
dual radiolabel counting, cocktail quench resistance,
and crosstalk between wells.  In addition, samples
from a cytotoxicity test and an enzyme inhibition
assay were counted with TopCount, and with gamma
counting or conventional liquid scintillation count-
ing (LSC) for comparison.

Experimental Methods

Counting Procedure
All samples were counted on a TopCount Microplate
Scintillation Counter with the VariPlateTM feature,
which allows counting in either the 24- or 96-well
format. Samples were added to scintillation cocktail
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in the wells of a 24-well or 96-well PicoPlate with a
multiple-tip pipetter. The plates were sealed with
TopSealTM-P, a solvent resistant protective cover
film, using a Packard MicroMateTM 496 Microplate
Heat Sealer. After shaking the plates on a microplate
orbital shaker for 15 minutes, each sample was
counted on TopCount for five minutes. Samples
were also counted on a Packard Tri-Carb 2250CA
liquid scintillation analyzer (LSC) and a Packard
COBRA gamma counter for comparison.

Radionuclide Counting Efficiencies
The counting efficiency of TopCount for a variety of
radionuclides was assessed by counting the follow-
ing compounds:

Radionuclide Compound
3H Thymidine
32P ATP
14C Thymidine
51Cr Na2CrO4
125I IgG

Aliquots of 10 µL were counted in triplicate in both
96-well PicoPlates and 24-well PicoPlates contain-
ing 250 µL and 1.0 mL MicroScint-20, respectively.
The same number of wells containing only cocktail
were used for background determinations.

Chemical Quench Correction
To evaluate DPM determination in the presence of
chemical quenching, quench curves were prepared
by counting 3H and 14C in MicroScint-20 cocktail
containing six different concentrations of
nitromethane, a strong quenching agent. Radiola-
beled compounds were dispensed into triplicate wells
of 96-well or 24-well PicoPlates containing 250 µL
or 1.0 mL, respectively, of MicroScint-20 premixed
with the nitromethane quench agent. The quench
curves were used to determine DPM from a similar
set of samples that served as unknowns.

Chemical quench correction for 14C was studied in
96-well PicoPlates using tSIS, the transformed Spec-
tral Index of the Sample, as the quench indicating
parameter. With 24-well plates an external standard
can be used to determine the quench level of a
sample, and tSIE, the transformed Spectral Index of
the External standard, was used to indicate quench.
Quench correction was evaluated in 24-well plates
for 3H and 3H/14C dual label DPM recovery.

Color Quench Correction
To study DPM determination with colored samples,
a 14C color quench curve using tSIS was prepared in
the 96-well format. Various concentrations of
McCormick yellow food coloring in MicroScint-20
scintillation cocktail were prepared, and 14C thymi-
dine was added to triplicate wells containing 250 µL
of the color quenched cocktail and counted on
TopCount. A similar set of color quenched samples
was prepared as unknowns for DPM determination.

Sample Load and Quench Resistance
The effect of sample load on counting efficiency in
both MicroScint-20 and MicroScint-40 cocktails
was investigated by counting a constant amount of
3H thymidine in the presence of increasing volumes
of water or aqueous solutions of 0.15M NaCl, 5%
phosphoric acid or 5% trichloroacetic acid
(TCA). The total volume of sample and cocktail was
300 µL for the 96-well PicoPlate and 1.0 mL for the
24-well plate.

Well-to-Well Crosstalk
Crosstalk to adjacent wells for 32P, 14C, 51Cr and 125I
was investigated by adding the radionuclide to only
the central well of nine wells containing 250 µL of
MicroScint-20. The crosstalk is reported as a per-
centage of the activity in the central well.

Applied Performance
Duplicate aliquots of 50 µL from 51Cr cytotoxicity
assay samples were counted in a 96-well PicoPlate
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on TopCount using 250 µL of MicroScint-20 and on
a Packard COBRA gamma counter with a two inch
NaI crystal, and results from the two instruments
were correlated. Triplicate aliquots of 50 µL from
samples in 5% phosphoric acid from a 3H enzyme
inhibition assay were counted in a 96-well PicoPlate
with 250 µL MicroScint-20, and an additional set
of samples was counted in a Packard Tri-
Carb liquid scintillation analyzer in 5 mL OptiFluor
for comparison.

Results and Discussion

Radionuclide Efficiencies
Radionuclide counting efficiencies and backgrounds
determined with TopCount for small volume samples
(10 µL)  in 96- and 24-well PicoPlates are shown in
Tables 1 and 2. The small volume was used to
minimize the cocktail sample load and thus to
maximize counting efficiency. The efficiencies
with TopCount are comparable to those obtained
on a conventional discrete sample liquid
scintillation counter.

Radionuclide Eff. (%)     Bkgd. (CPM)

3H 44.6 57.0

14C 93.2 57

32P 82.3 52.0

51Cr 24.3 57.0

125I 62.6 57.0

Radionuclide Eff. (%)     Bkgd. (CPM)

3H 37.5 18.0

14C 92.1 18.0

32P 80.6 8.0

51Cr 21.1 18.0

125I 57.8 18.0

Table 1.
TopCount 96-well counting efficiencies for

various radionuclides in MicroScint-20.

Table 2.
TopCount 24-well counting efficiencies for

various radionuclides in MicroScint-20.

Chemical Quench Correction for Single Label
Radioisotopes
The 14C counting efficiency in a 96-well PicoPlate
vs. tSIS is shown in Figure 1. DPM recovery using
tSIS to indicate quench is excellent (Figure 2).

Figure 1.
14C quench correction curve

using tSIS.
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Figure 4.
3H DPM recoveries using tSIE.

Figure 2.
14C DPM recoveries using tSIS.

Sample quench can also be determined by external
standardization in 24-well PicoPlates with TopCount.
The 3H counting efficiency in a 24-well PicoPlate vs.
the external standard quench parameter, tSIE, is
shown in Figure 3. The excellent recovery of 3H
DPM using tSIE at various levels of quench is shown
in Figure 4.

Figure 3.
3H quench correction curve using tSIE.

Chemical Quench Correction for 3H/14C Dual
Label Samples
Dual label DPM determination with an external
standard in a microplate is a unique feature of
TopCount. A dual label DPM protocol was defined
for counting standards and samples prepared in the
24-well format. DPM recovery results from TopCount
for 3H/14C dual label samples with various levels of
quench (tSIE) are shown in Figure 5.

Figure 5.
3H/14C dual label DPM recoveries using tSIE.
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Color Quench Correction
Quench due to color can be corrected with TopCount
using tSIS. DPM recoveries for  14C samples quench-
ed with yellow food coloring are shown in Figure 6.

Sample Load and Quench Resistance
The effect of varying sample loads on 3H counting
efficiency with representative sample types is shown

in Figures 7-10 for MicroScint-20 and MicroScint-
40 in both 96- and 24-well PicoPlates. The counting
efficiency is reported as a function of % sample load
[volume of sample/(volume of sample + cocktail)].
Efficiency is lower with large sample loads, but
when a large sample size is necessary, good efficien-
cies can still be realized.

Figure 8.
3H counting efficiency vs. % sample load in MicroScint-40,

96-well plate.

Figure 7.
3H counting efficiency vs. % sample load in MicroScint-20,

96-well plate.

Figure 6.
14C DPM recoveries with
increasing color quench.

Figure 9.
3H counting efficiency vs. % sample load in MicroScint-20,

24-well plate.
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Figure 10.
3H counting efficiency vs. % sample load in MicroScint-40,

24-well plate.

Sample loads which exceed the cocktail capacity can
cause a phase separation. This should be avoided,
since the sample will no longer be in intimate contact
with the cocktail. In MicroScint-20, phase separa-
tion occurred at 34% load with 0.15M NaCl, water,
and 5% TCA; and at 24% load with 5% phosphoric
acid. In MicroScint-40, phase separation occurred at
34% load with 5% phosphoric acid and at 40% load
with 5% TCA.

Well-to-Well Crosstalk
Crosstalk of 32P, 14C, 51Cr and 125I to surrounding
wells is reported for 96-well PicoPlates in Tables 3,
4, 5 and 6. The activities measured in the wells
surrounding the central well, which contained the
radionuclide, are reported as a percentage of the
activity in the central well.

Crosstalk is about 1% or less for penetrating
radiation such as 32P and 125I, but insignificant for 14C
and 51Cr.

0.341 0.701 0.323

1.227    32P 0.739

0.359 0.950 0.339

Table 3.
% crosstalk of 32P into

surrounding PicoPlate wells.

-0.003 0.000 -0.001

0.002    14C 0.030

-0.002 -0.001 -0.004

Table 4.
% crosstalk of 14C into

surrounding PicoPlate wells.

-0.113 -0.058 0.103

-0.051  51Cr 0.237

-0.057 0.023 0.091

Table 5.
% crosstalk of 51Cr into

surrounding PicoPlate wells.

0.382 0.696 0.416

0.588    125I 0.665

0.327 0.584 0.329

Table 6.
% crosstalk of 125I into

surrounding PicoPlate wells.
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Figure 11.
TopCount CPM vs. COBRA CPM

for a 51Cr cytotoxicity assay.

Applied Performance

Cytotoxicity
Results obtained with TopCount from samples from
a 51Cr release cytotoxicity experiment are compared
to those obtained with a Packard COBRA gamma
counter in Figure 11. There is an excellent
correlation (R2 = 0.96) between the two instruments.
Counting efficiency is about 1.5 times higher
with TopCount.

Enzyme Inhibition
There is a good correlation (R2 = 0.88) between
results obtained with TopCount and those obtained
with the Packard Tri-Carb liquid scintillation ana-
lyzer for the enzyme inhibition assay samples in 5%
phosphoric acid (Figure 12). Counting efficiencies
are virtually identical.

Figure 12.
TopCount CPM vs. LSC CPM

for a 3H enzyme inhibition assay.

Conclusions

Counting aqueous radioactive samples directly in
microplates is desirable for many assays performed
in that format. Liquid scintillation counting in
microplates with TopCount provides results compa-
rable to those obtained by conventional LSC and
gamma counters. Counting efficiency and DPM
recoveries for single label and dual label samples are
excellent, and final results are indistinguishable
from results using the conventional instrumentation.
Crosstalk for the highly energetic 32P is very low, and
it is insignificant for low energy isotopes such as 51Cr
and 3H. TopCount can dramatically increase through-
put by simultaneously counting up to 12 samples.
Less liquid waste is produced, because small sample
and cocktail volumes are used, and vials or test tubes
are not required. By maintaining the microplate
format, less labor is required for sample handling,
and positive sample identification is assured. Aque-
ous liquid scintillation counting directly in
microplates with TopCount is an attractive high
throughput alternative to conventional LSC.




