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Short communication

Comparison of histamine assay methods in measuring
in vitro-induced histamine release in patients with
allergic rhinitis

R. J. HARVIMA, I. T. HARVIMA, L . TUOMISTO,' M . HORSMANHEIMO & J. E. FRAKI

Departments of Dermatology and 'Pharmacology, University of Kuopio, Finland

histamine release tests using whole blood were applied in testing in vitro Type I birch
allergic reaction in two patients with allergic rhinitis. Heparinized blood was incubated
with varying dilutions of allergen for 30 min at -i-37°C. After centrifugation of the
blood, plasma was separated and the liberated histamine was analysed by histamine
radio enzyme assay (REA), high performance liquid chromatography (HPLC) with post-
column derivatization system or radio immuno assay (RIA), and the results obtained by
these methods were compared. REA and HPLC gave similar results, while RIA gave
somewhat higher values, but was less sensitive.
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Histamine is one of the mediators of the allergic
reaction liberated from basophils or mast cells
(2, 14). Several assay methods have been
employed for histamine. Bioassay (1), fluori-
metric assay (15) and gas chromatography (18)
are not very sensitive and require extensive
sample purification. High performance liquid
chromatography (HPLC) with the pre-column
derivatization system (6) is hampered by insen-
sitivity. Mass fragmentography (11) is sensitive,
but highly specialized laboratory equipment is
needed. The most sensitive methods are radio
enzyme assay (REA) (3,9) and HPLC with
post-column derivatization system (19). Re-
cently, immunological assay methods have been
developed for histamine, e.g. enzyme immuno
assay (4) and radio immuno assay (RIA) (12)
using monoclonal antibody.

We have compared the most sensitive meth-
ods (REA and HPLC with post-column deriva-
tization) with the new commercially available
RIA method (Pharmacia) in patients with birch
allergic rhinitis.

MATERIAL AND METHODS

The in vitro-induced histamine release was
measured in two patients with allergic rhinitis.
Patient I was a 33-year-old woman with mild
rhinitis of several years standing but otherwise
healthy. Her first severe attack of rhinitis
occurred in the birch flowering season 8 months
prior to the histamine release tests. Birch
allergen (Allergologisk Laboratorium, Copen-
hagen, Denmark) produced a strong reaction
3 x 4 mm on prick testing. The skin reaction to
histamine was 4 x 4 mm. All other 33 allergens
tested were negative. The patient had taken no
medication during the 4 months prior to the
skin and histamine release tests.

Patient II was a 15 year-old boy with birch-
allergic rhinitis of 4 years standing but other-
wise healthy. The strongest positive prick test
reaction was to birch ( 9 x 6 mm), with a hista-
mine reaction of 4 x 4 mm. He had milder
prick test reactions (< 5 mm in diameter) to
the following allergens: alder, orchard grass.
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meadow fescue, timothy, horse, dog, cat, cow,
pea and nut. No medication was taken during
the 12 days prior to the skin and histamine
release tests.

Chemicals used were: histamine from Fluka
(Buchs, Switzerland), 1-methylhistamine from
Serva (Heidelberg, FRG), and 3-methylhista-
mine and N-alpha-methylhistamine from Cal-
biochem-Behring (La Jolla, CA, USA). All
other chemicals of analytical grade were from
E. Merck (Darmstad, FRC) or Sigma (St.
Louis, MO, USA). The commercial histamine
RIA-kits were from Pharmacia Fine Chemicals
(Uppsala, Sweden). Birch antigen was obtained
as described by Viander et al. (17).

The whole blood was taken from the patients'
antecubital veins and collected into 10 ml Veno-
ject®-tubes containing lithium heparin (or
NajEDTA for control). One ml of blood was
mixed gently in 1.5 ml Eppendorf® poly-
propylene tube with 50 \il of antigen (allergen)
solution dilutions (in 0.9% NaCl). After in-
cubation for 30 min at -i-37°C the tubes were
centrifuged at 900 x g for 10 min at room
temperature. The clear plasma was collected
carefully, avoiding leukocyte contamination,
and stored at -80°C until histamine assays
(within 2-3 weeks) were performed as described
below. To measure whole blood histamine, the
blood was mixed with an equal volume of
water, frozen and thawed 5 times and cen-
trifuged for 10 min at 10,000 x g and the
supernatant diluted with 0.9% NaCl.

Histamine assay using REA was performed
as described recently in detail by us (9). Hista-
mine assay using HPLC was performed after
precipitating the proteins with perchloric acid
by the method of Yamatodani et al. (19). Hista-
mine assay using a commercial RIA-method
(Pharmacia Fine Chemicals, Uppsala, Sweden)
with monoclonal antibody was performed as
follows: 200 |il of standard (histamine, 1-methyl-
histamine, 3-methylhistamine, N-alpha-methyl-
histamine; at concentration of 10-1000 nM), or
samples, were mixed with 200 nl '"-I-hista-
mine-DSA (dog serum albumin) followed by
addition of 200 nl of antibody solution. The
mixture was incubated for 16-20 h at -(-4°C.
Two ml of "decanting suspension" was added.
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Fig. 1. The release of histamine in one rhinitis patient after
birch-induced histamine liberation test (Patient I). 50 nl of
birch antigen dilution (in 0.9% NaCl) was incubated with 1
ml blood for 30 min at 37°C, centrifuged for 10 min at 900
X g, and plasma histamine was analysed by radio enzyme
assay.

followed by 30 min incubation at room tem-
perature. The mixture was centrifuged at
1,500 X ^ for 10 min and the supernatant dis-
carded. The radioactivity of the pellet was mea-
sured using Rackgamma-counter (LKB-Wallac,
Turku, Finland).

RESULTS

Using EDTA-plasma as control no histamine
release from blood leukocytes of Patient I was
detected by REA after the birch-induced hista-
mine liberation test (Fig. 1). RIA and HPLC
gave similar results. In heparin blood of Patient
I, a dose-related histamine liberation in plasma
was found by REA (Fig. 1).

Table 1 gives the results of the histamine
liberation test in Patient II analysed by three
different methods (REA, HPLC, RIA). All
assay methods showed a clear increase in plas-
ma histamine. REA and HPLC gave very simi-
lar results except for whole blood. The RIA
method gave somewhat higher values.

RIA gave higher (27±14 nM, mean±SD)
plasma histamine levels in 16 controls than
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REA in 35 controls (6.5±4.3 nM, see ref. 9),
or HPLC in 31 controls (1.3 + 1.5 nM). Whole
blood histamine in four controls was deter-
mined by REA and HPLC and showed a mark-
ed difference in the values obtained: results
with HPLC were 60-110% of those with REA.

The relative sensitivity of RIA is shown in
Table 2. Our results are compared with those of
Pharmacia and of Chevrier et al. (4); the latter
used another monoclonal antibody in enzyme
immuno assay. As seen in Table 2, the monoclo-
nal antibody used in RIA is not specific for
histamine; higher affinity is obtained with
1-methylhistamine and N-alpha-methyl-hista-
mine, whereas very low affinity was obtained
with serotonin and histidine. The other monoclo-

Table 1

Comparison of results of analysis methods used for hista-
mine assay in one rhinitis patient after birch-induced

histamine liberation test (Patient II)

Birch antigen
dilution

Control
1:100
1:10
1:1

Whole blood

REA

12.
129

178

>250

762

Plasma

5

histamine

HPLC

13.0
137

171

267

513

(nM)

RIA

< 1 0
175

208
410

1320

REA = radio enzyme assay; HPLC = high performance
liquid chromatography with post-column derivatization
system; RIA = radio immuno assay.

nal antibody used in enzyme immuno assay is
more specific for histamine, as seen in Table 2.

DISCUSSION

Birch allergy in patients with allergic rhinitis
was selected for this study as a model disease.
For testing histamine liberation from blood
samples, it is necessary to use heparin as an
anticoagulant instead of EDTA because hista-
mine release from blood leukocytes is calcium
dependent.

HPLC and REA gave very similar results,
although whole blood histamine was somewhat
lower with HPLC; variations in drug or
serotonin levels in blood might possibly influ-
ence the REA method. Whole blood histamine
levels are probably not very important in testing
histamine liberation. The higher results obtain-
ed with RIA may be due to the non-specificity of
monoclonal antibody used, which cross-reacted
also with 1-methylhistamine and histidine.
1-Methylhistamine is a natural metabolite of
histamine. Thus the high reactivity to 1-methyl-
histamine is a serious drawback when using the
RIA method. The cross-reactivity to histidine is
relevant because the concentration of histidine in
plasma is approx. 100 pM, i.e. approx. 10,000-
fold higher than that of histamine. However, a
monoclonal antibody has been described (4, see
also Table 2) which cross-reacts with histidine
and 1-methylhistamine to a much smaller
degree. N-alpha-methylhistamine, which also

Table 2

Specificity of histamine RIA

Compound
Relative sensitivity

This study Pharmacia' Ref. 4

Histamine
1-methylhistamine
3-methylhistamine
N-alpha-methylhistamine
Serotonin
Histidine
Spermidine

1.0
17.7
0.9
7.3

1.0
18.0

0.0005
0.00008

_

1.0
0.00005

0.00003
0.000005

< 0.0000005

*Pharmacia Fine Chemical, Uppsala, Sweden. Directions for use: Histamine RIA 50. March 1987.
- = values not determined
The specificity was determined at 50% uptake.
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interferes with the RIA-method, has been
detected only in gastric juice (7).

In this study the REA, HPLC and RIA
methods all showed an increase in liberated
plasma histamine in samples from clinically
confirmed birch-allergic patients with rhinitis.
Although data from only two such patients have
been presented, similar results have since been
obtained in other birch-allergic patients.

When choosing assay methods, account should
be taken of their various limitations. REA is a
simple, sensitive and specific method, but is dis-
turbed by a variety of drugs, for example muscle
relaxants (8, 10), serotonin (4, 10) and anti-
histamines (10, 16). HPLC with the post-column
derivatization system (19) is highly sensitive
(approx. 1-2 nM) but requires sophisticated
equipment. The HPLC-system can easily be
automatized and needs no radioactive com-
pounds. The commercially available histamine-
RIA (Pharmacia) method might also be useable
in histamine release testing in vitro, in which the
basic absolute level of histamine is not important.
The RIA method is not suitable for measurement
of normal plasma or whole blood histamine levels
because of its insensitivity and/or non-specificity.
In addition, possible interactions or effects of
drugs or other compounds can not be excluded.

Histamine release test will not replace the skin
prick test, although a close and positive corre-
lation has been found between skin test and hista-
mine release results (13). In vitro histamine
release test is useful in patients who are expected
to react strongly to an allergen (or even a drug),
or who in prick tests show a positive reaction to
saline as in dermographism.

The present study confirms that the histamine
release test can be performed using whole blood
(5, 13) instead of isolated leukocytes (5, 13). In
addition, we have compared the new commer-
cially available RIA method with REA or
HPLC, especially in testing histamine release.
RIA gave somewhat higher histamine values,
and was less sensitive than REA or HPLC.
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