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Introduction

Chemiluminescence (CL) can be used to monitor
activation of neutrophils since CL naturally results
from metabolic oxygenation activity.1-3 The sensitivity
of native CL can be greatly enhanced by use of the
chemiluminigenic probe, luminol (5-amino-2,3-dihydro-
1,4-thalazinedione), because luminol dioxygenation
results in a high quantum yield of photons.2-4 Previously,
CL assays were performed in a standard liquid scintilla-
tion spectrometer.5-7 In the present work, these assays
were adapted for use with the Packard TopCountTM

Microplate Scintillation and Luminescence Counter.

Editors Note
The TopCount has been optimized for both radioisotopic
(3H, 125I to 32P) and luminescence measurements
(enhanced flash and glow). In this report, the TopCount
is used for a low activity luminescent measurement with
a half-life of approximately 15 minutes. This demon-
strates the low background, high sensitivity capabilities
of TopCount and the advantages of multidetector
measurements for shorter half-life signals. Two or six
wells of a microplate can be measured simultaneously to
minimize signal decay effects. The TopCount utilizes
fast photon counting and reports data in photons per unit
time. A background of 30 CPS (counts per second) and
a linear response to 30 million CPS gives a 106 dynamic
range, allowing low activity and high activity samples to
be measured in the same microplate. Although not
required for the experiments reported here, half-life
correction can also be calculated on-line using the built-
in 486 computer.

The TopCount can also be used with new luminescence
labels for the luciferase reporter gene (LucLiteTM) and
cell proliferation/toxicity (CytoLiteTM) with half-lives of
five hours and two hours, respectively. Glow lumines-
cence using alkaline phosphatase/dioxetane, xanthine
oxidase/luminol, and horseradish peroxidase/luminol are
three examples of enzyme substrate reactions with half-
lives of many hours. For assays with stable signals, the
plate stackers allow many thousands of samples to be
loaded and counted without user intervention.

Materials and Methods

Chemicals: Luminol, phorbol 12-myristate 13-acetate
(PMA), and dimethyl sulfoxide (DMSO) were obtained
from Sigma Chemical Co., St. Louis, Missouri. Stock
solutions of luminol (5 mM) and PMA (1 mg/mL) are
prepared in DMSO, stored at -20 oC, and protected from
light. Working solutions of luminol (10 µM) and PMA
(40 µg/mL) are prepared by dilution from the stock
solutions into veronal buffer (5 mM diethylbarbital,
0.145 M NaCl, 0.5 mM MgCl

2
, 0.15 mM CaC1

2
, 0.1%

bovine serum albumin and 0.1% glucose, pH 7.2).

Neutrophils: Purified neutrophils can be prepared by
standard techniques, such as dextran sedimentation.8

However, this is not necessary since a simple whole
blood lysis technique is adequate for demonstration of
CL activity. For this purpose, 15 volumes of lysis
solution (0.15 M NH

4
Cl, 10 mM KHCO

3
, 0.1 mM EDTA,

pH 7.3) is added to one volume of whole blood, then
mixed and incubated at room temperature for ten min-
utes. The lysed blood is centrifuged (200 x g for ten
minutes). The pelleted cells are washed twice in a
phosphate buffered saline and resuspended in veronal
buffer at a concentration of 2.5 x 105 neutrophils/mL.

Neutrophils should be used in the assay within six hours
of when the blood was drawn, as they lose activity after
that time. After 24 hours, about 10% of the original
activity remains (data not shown).

CL assay: 0.1 mL of the cell suspension (containing
25,000 neutrophils), 0.08 mL of veronal buffer,
0.01 mL of 10 µM luminol (final concentration = 0.5
µM), and 0.01 mL of 40 µg PMA/mL (final concentration
= 2 µg/mL) are added to wells of a 96-well black
microplate (Packard LitePlateTM-96). The PMA is added
last. The plate is sealed with an adhesive cover (Packard
TopSealTM-A), wiped with a damp Kimwipe® to remove
static charges and placed in the TopCount. The instru-
ment is normalized and programmed in the SPC (single
photon counting) mode with a five minute counting
delay (dark adaption), one minute counts per well and ten
counting cycles.
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Because of the relatively short half-life (15 minutes) and
long count time (one minute) per well, the samples were
arranged in the microplate wells to take advantage of the
counting pattern and plate map function. In a two detec-
tor system, the first wells to be counted are A1 and A7,
followed by B1 and B7 and continue down the column to
H1 and H7. The next columns to be counted are H2 and
H8, followed by G2 and G8 and up the column to A2 and
A8. This pattern is continued until the entire plate is
covered. Using only columns 1 and 7 of the plate allows
the last wells to be counted within 15 minutes of when the
reactions are initiated, which is usually sufficient to
allow maximum activity to be observed. The plate can be
reused by setting up the next series of reactions in wells
H2 and H8 through A2 and A8. The instrument counting
protocol can be programmed with a plate map so that
only the defined wells are counted. This results in the
same timing pattern; that is, the last wells are counted
within 15 minutes of reaction initiation. The entire plate
may be used in this fashion.

Results and Discussion

Figure 1 depicts the results obtained from the CL assay
performed as described above. The data show that in the
absence of stimulation with PMA, no activity is ob-
served. However, upon stimulation, a rapid CL response
is obtained which gradually declines toward unstimulated
levels after one hour. In the absence of luminol, no
activity is detectable even with PMA. The small number
of cells used in these assays (25,000 cells per well) was
selected to maintain approximately 20 to 1 difference
between maximum stimulation and background. Greater
or lesser numbers of cells can be used, depending on the
experimental requirements.

CL assays can be used to assess not only neutrophil
function,9,10 but also other aspects of the humoral and

phagocytic immune systems. For example, CL from
neutrophils (polymorphonuclear phagocytes) has been
used to quantify the opsonic capacity of microbe-specific
antiserum6,7 and to determine the requirements for
opsonophagocytosis of microorganisms.5
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Figure 1.
Chemiluminescence of neutrophils determined in the TopCount. The assay was performed as
described in Materials and Methods. Counts per minute are plotted as a function of time (minutes).
Curve A: Neutrophils stimulated with PMA in the presence of luminol. Curve B: Unstimulated
neutrophils with luminol present. Curve C: PMA-stimulated neutrophils in the absence of luminol.
Curve D: Background noise with luminol and PMA in buffer without neutrophils.
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