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ABSTRACT

A microplate-format assay for measure-
ment of histamine release by activated rat
peritoneal mast cells, with accompanying
microplate-format spectrofluorometric as-
say of histamine, is demonstrated. Repro-
ducibility and linearity of the histamine as-
say are comparable to the historical large
format assay. Transfer of samples in the 96-
well format, from histamine release through
spectrofluorometric assay, greatly expedites
handling and provides for better indepen-
dence of each replicate. A sample experi-
ment is included to show a typical size ex-
periment easily done in this format.

INTRODUCTION

Although the standard assay for ac-
tion of pro-inflammatory agents on
mast cells is the release of histamine,
the spectrofluorometric assay (7,8), of-
ten modified (reviewed in Reference 4),
is laborious. Alternatives exist, e.g., cy-
tokine release from cultured cells (6,9)
or, in some cases, staining with berber-
ine sulfate (1), but each has technical
drawbacks. If the histamine release
could be done in the 96-well format,
and then linked to a 96-well format his-
tamine assay, this would greatly expe-
dite the assay and enhance pharmaco-
logical studies using the rat (or human)
mast cells. This report includes some
technical parameters to facilitate the as-
say and demonstrates the dynamic
range and reproducibility of data for the
microplate assay.

MATERIALS AND METHODS

Reagents

Glucose, potassium chloride, sodi-
um chloride, O-phthaldialdehyde (OPT,
99%) and other chemicals were reagent
grade (Sigma Chemical, St. Louis, MO
and J.T. Baker, Phillipsburg, NJ, USA).
Water was prepared with a Milli-Q
system (Millipore, Bedford, MA,
USA).

Rat (outbred, 300–400 g, mixed sex-
es, Sprague Dawley; Harlan Sprague
Dawley, Indianapolis, IN, USA) peri-
toneal cells were lavaged into modified
Tyrode’s buffer (lacking bicarbonate
and divalent cations) buffered with 15
mM HEPES to pH 7.2 containing 0.1%
(wt/vol) bovine serum albumin (Sigma
Chemical). Mast cells were isolated as
the fraction recovered from the inter-

face of 27.6% and 20% Accudenz

(Accurate Chemical & Scientific, West-
bury, NY, USA) prepared according to
manufacturer’s directions. Before use,
the cells were counted by toluidine blue
staining (2) in a hemocytometer and di-
luted into 15 mM HEPES-buffered
modified Tyrode’s buffer as before, but
with 1 mM CaCl2 and prewarmed be-
fore use. Typically 90%–98% of the
cell population stained blue. 

Assays

Particular care is given to minimiz-
ing micropipetting errors. Assays for
histamine release (after 15 min at
37°C) were done in replicate (n = 3–4).
Typically, each reaction mixture con-
tained 25 µL of agonist plus 100 µL of
cells (1–2 × 103 toluidine blue cells)
per well. Cells and assay plates were
temperature-adjusted before use. After
treatment with agonist for 15–20 min at
37°C, cell-associated histamine was
measured, rather than free histamine, to
avoid artifacts from residual agonists.
Cells were washed 2 or 3 times by cen-
trifugation for 5 min at 1000 rpm in the
microplates (untreated “V”-bottom) in
a Model 269 Rotor and IEC Centrifuge
(International Equipment Company,
Needham Heights, MA, USA). Then,
100 µL of 0.1% (vol/vol) Triton X-
100 were added and extracted by a 20-
min exposure at 37°C, followed by ad-
dition of an equal volume of 14%
trichloroacetic acid (TCA), mixing and
precipitation in the cold overnight or
until assayed. The samples were cen-
trifuged at 1500 rpm before 75–150 µL
of supernatant were assayed for hista-
mine.

Samples (75 µL) were assayed for
histamine with 20 µL of 2 N NaOH, 50
µL OPT in water (from a stock in
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methanol) and a 30-µL stop solution.
The reaction was done in microplates at
4°C for 35 min or at room temperature
for 4–6 min by a modified protocol
modeled after Shore (3,7,8). The TCA
was prepared at a 15% solution, fil-
tered, titrated against 2 N NaOH and
then adjusted to achieve a pH of 12.6 in
the reaction mixture containing water
in lieu of the OPT solution. The stop
solution was H2SO4 titrated against the
reaction mixture so as to achieve a final
pH of 2.5–2.8. Titrations of reagents
can be fine-tuned by examining the
amount of fluorometric signal generat-
ed in a control assay with a known con-
centration of histamine. To control for a

possible effect of the microplate on
reading the assay, the reacted samples
were added to cuvettes with 2 mL of
water. In later pilot experiments, sam-
ples were read directly in the same
plate in which the assay was conducted
using a plate reader. Mixing of reagents
was by hand; although, in later experi-
ments a platform mixer used briefly
was satisfactory. Results are calculated
from the cellular histamine after treat-
ment with histamine-releasing agents,
expressed relative to buffer-treated con-
trols. Where percentage release is indi-
cated, it is calculated from the amount
found in control cells as 1-(experimen-
tal cells/control cells).

Instrumentation and Analysis

Initial studies to evaluate the hista-
mine release itself and the performance
of the microplate volume for the hista-
mine assay were done in a Model
RFM-2001 Spectrofluorometer (Pho-
ton Technology International, Mon-
mouth, NJ, USA) with a standard cu-
vette holder. Samples were excited at
360 nm and read at 450 nm, and data
were collected with a 10-nm band pass
at 5 samples/s. Ten 1-s traces were
stored, and the average value over nine
seconds was used. Later studies to ex-
plore the feasibility of conducting the
assay and reading the results in mi-
croplates were done with plate readers
(Fluorite FL1000; Dynatech Labora-
tories, Chantilly, VA and FL500; Bio-
Tek Instruments, Winooski, VT, USA).
Each value is the result of an indepen-
dent single reaction of cells with ago-
nist, from histamine release through the
histamine assay, performed in repli-
cates; as opposed to multiple histamine
assays of a single histamine release re-
action. Statistical analysis and plotting
were done with Excel (Microsoft,
Redmond, WA, USA). Descriptive sta-
tistics, including coefficient of varia-
tion  (CV) for samples, were done with
a number of replicates as indicated
above and in the Results section.

RESULTS

To systematically explore the per-
formance of the assay, three levels of
the technology were examined: the his-
tamine spectrofluorometric assay run in
microplates (assayed in a conventional
cuvette system), release of histamine
by cells in microplates and the hista-
mine-release assay conducted wholly
in microplates (cell reaction with
spectrofluorometric assay including
reading).

A standard curve shown in Figure 1
illustrates the range and linearity of the
assay done in small volumes. As the
largest value tested, 2000 ng/mL, gen-
erates a value greater than that from to-
tal histamine in the control cells (2 ×
103 per well), the detection range is
greater than the normal working re-
quirements of the assay and shows ex-
cellent linearity. The lower range of the
assay is shown in Figure 2. The differ-
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Figure 2. Low-range standard curve of histamine. Data are shown plotted with standard error of the
mean (n = 8) and are not corrected for blank values in order to better estimate the minimum amount of
detectable analyte.

Figure 1. Assay of histamine standards. Histamine standards were assayed and means of groups are
shown with the standard errors of the mean (n = 8). Data have been adjusted for the assay blank value.
After the reaction was completed in microplates, the mixture was read in a cuvette system.
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ence in fluorescence between 0 and 20
ng/mL is twofold, is significant by an
unpaired Student’s t test (P <0.001) and
is routinely a reliable lower limit for as-
says should free histamine be measured
using this instrumentation.

To examine the reproducibility of
the histamine assay and histamine re-
lease, the CVs for typical microplate
format assays were determined and are
shown in Figure 3. For assay of stan-
dards as shown in Figures 1 and 2 (n =
8), the CVs average 4% (Range
1%–6%). Similar values were obtained
conducting the histamine assay reac-
tions and reading in various mi-
croplates (example shown in Figure 4).

To show examples of best perfor-
mance, the graphs shown are with all
available replicates. However, when
asking how much replication is needed
for the assay by examining the use of
replicates from n = 2 to n = 10, n = 4
was sufficient to minimize the CV in
these data sets (analysis not shown).
Among assays with different types of
plates and readers, the average CV for
assays ranged from 4% to 12% for the
spectrofluorometric assay.

After extraction and TCA precipita-
tion, the samples were stable when re-
frigerated in TCA for at  least a week
(not shown). Although it has been re-
ported that background signal in blanks
is significantly less if the histamine as-
say is done at 4°C rather than at room
temperature (4), this difference was not
evident in these experiments (not
shown).

Similar standard curves and vari-
ance within groups were obtained when
evaluating several plate readers and
conducting the histamine assay and the
reading of the final reaction mixture
within the same microplate. Sample
data are shown in Figure 4. However, of
the few instruments tested, only the
newest models provided the combina-
tion of sensitivity and dynamic range
needed. From a brief survey of three in-
struments, it was observed that “V”- or
flat-bottom clear plastic plates might be
functional in some readers, while black
or white flat-bottom fluorescence mi-
croplates provided better sensitivity.
However, the flat-bottom plates have a
larger working volume per well; of
these, the white were more sensitive
than the black, but more prone to spo-

radic deviant wells. It was easiest to set
the reader for an optimal gain for either
the low-range samples for released hist-
amine or the higher range for cellular
histamine, while a compromise gain
setting was more laborious to deter-
mine (not shown) but would put nega-
tive and positive controls all within the
readable range.

An example of an assay of histamine
release by cells, generally too large to
do readily by traditional methods, is
provided in Figure 5, showing a dose
response of the histamine-releasing
agent 48/80. When one conducts this
histamine release from cells in mi-
croplates and then does the histamine
microplate assay (n = 3 or 4),  the CV
averages 8% (range 5%–11%) in con-

trol and experimental groups. Thus,
cells washed in microplates before ex-
traction of cell-associated histamine
provide consistent values.

DISCUSSION

Shore indicated that his method
would be scaleable to different volumes
(7,8). Here we see that the microplate
adaptation of the technique can be
functional, and thus enable a large
number of assays to be done expedi-
tiously. The introduction of micro-
plates, micropipets and centrifuge car-
riers for microplates has made this
feasible. The assay is improved by sev-
eral adjustments of the reagents (4),
coupled with the assay of cellular hist-
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Figure 4. Microplate assay of histamine standards. The assay of standards and reading fluorescence
(Fluorlite FL1000) was done in flat-bottom white microplates. The CV was 11%–13% for each dose
group (n = 8).

Figure 3. Coefficient of variation for a histamine standard curve. The CV for the data for each group
(n = 8) in the standard curve is plotted.



amine from washed cells and transfer
steps which are expedited in the mi-
croplate format. By evaluating the hist-
amine detection reaction as conducted
in wells and measured in cuvettes, we
see that, if done with care to volumes
pipetted and to evaporation, the data on
range and linearity of the assay indicate
that the reaction can be conducted ac-
curately in small volumes. The step for
cell release of histamine and subse-
quent washes can be done in mi-
croplates also. In this case, since one al-
lows the release reaction to go to
completion, minor variations in plate
cooling and warming do not seem to be
significant factors. A mixture of cells
plus agonist presents the difficulty that
the agonist can later interfere with the
histamine assay (can be detected in the
assay). A procedural solution is to wash
the cells and then measure the ex-
tractable cellular histamine rather than
the released free histamine. This is

done easily in microplates with appro-
priate rotors and plate carriers. Conve-
niently, the steps for the release, cell
washing, extraction of cellular hista-
mine and acid precipitation of macro-
molecules by 7% TCA are all done in
the same plate. The samples can then

be stored refrigerated in that plate until
assay. Furthermore, centrifugation of
the plates followed by transfer of each
TCA supernatant to the histamine reac-
tion vessels by a multi-well micropipet,
expedites this otherwise tedious step.
One can adjust the cell numbers used in

Figure 5. Dose response of compound 48/80. Histamine release by 15 min exposure to the final con-
centrations of the agent 48/80 is shown (n = 4). The CV ranged from 5%–20%, average CV = 13%.
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the assay and the volume of TCA su-
pernatant tested to provide an appropri-
ate amount of signal for the detector
used. This allows substantial flexibility
in adapting the assay to available in-
strumentation. Because all treatments
and replicates use the same cell popula-
tion, one sees relative differences, sim-
plifying interpretation. Use of a cell
population that is essentially all mast
cells avoids possible Poisson distribu-
tion effects in pipetting the cells into
wells. Although qualitative effect ex-
periments may be done with examina-
tion of relative release, precise evalua-
tions profit from use of concurrent
standard curves.

After evaluating the conduct of the
histamine detection reaction in wells
(read in cuvettes), the histamine detec-
tion assay was run in microplates and
the resulting reaction read in the same
plate in a plate reader. There was no
difference in the magnitude of variance
within groups of replicates when read-
ing with the plate reader or transferring
reactions into cuvettes to be read. There
was some difference in the microplate
instruments as to sensitivity and dy-
namic range. Also, one must choose the
appropriate gain setting and microplate
type. Useful data were obtained using
equipment from Bio-Tek Instruments
and Dynatech Laboratories with mod-
erate differences between types of
plates. However, substantial instrument
and microplate comparisons are be-
yond the scope of this report.

In a single day, one can effectively
conduct a large number of assays using
the microplate format assay for mea-
surement of histamine release followed
by microplate histamine assay. A two-
hundred determination experiment (2
plates × 96 wells) can be done in a day.
Note that the small volumes do necessi-
tate fastidious mixing and micropipet-
ting techniques. The dose response
shown in Figure 5 would then be a sin-
gle, one-day experiment with one pool
of cells, but not in traditional assays
(References 3 and 5, for example) as
published. Note that this experiment
was done with cells exposed to an ago-
nist, then washed before histamine ex-
traction. This is a more generally ap-
plicable protocol suitable for studying
agonists that would interfere with the
histamine assay, and that would pre-

clude a simple measurement of hista-
mine released into the media by the
cells during treatment with the agonist.
In contrast, published experiments are
generally done with released, not cellu-
lar, histamine, thus greatly simplifying
the work. Nevertheless, similar studies
(3,5) required pooled data from 4–5 ex-
periments with 3–4 replicates per dose
to reduce variation at each given dose
to acceptable levels. The performance
data presented here indicate the practi-
cality of the microplate approach with a
more generally applicable protocol and
compare well with historical data de-
rived from the larger format assays.
This adaptation to microplates should
greatly expedite mast cell research.
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