
Abstract. Background: In order to demonstrate that high
dilutions of histamine are able to inhibit basophil activation
in a reproducible fashion, several techniques were used in
different research laboratories.
Objective: The aim of the study was to investigate the action
of histamine dilutions on basophil activation.
Methods: Basophil activation was assessed by alcian blue
staining, measurement of histamine release and CD63
expression. Study 1 used a blinded multi-centre approach in
4 centres. Study 2, related to the confirmation of the multi-
centre study by flow cytometry, was performed independent-
ly in 3 laboratories. Study 3 examined the histamine release
(one laboratory) and the activity of H2 receptor antagonists
and structural analogues (two laboratories).
Results: High dilutions of histamine (10–30–10–38 M) influence
the activation of human basophils measured by alcian blue
staining. The degree of inhibition depends on the initial level
of anti-IgE induced stimulation, with the greatest inhibitory
effects seen at lower levels of stimulation. This multicentre
study was confirmed in the three laboratories by using flow
cytometry and in one laboratory by histamine release. Inhibi-
tion of CD63 expression by histamine high dilutions was
reversed by cimetidine (effect observed in two laboratories)
and not by ranitidine (one laboratory). Histidine tested in par-
allel with histamine showed no activity on this model. 
Conclusion: In 3 different types of experiment, it has been
shown that high dilutions of histamine may indeed exert an
effect on basophil activity. This activity observed by staining
basophils with alcian blue was confirmed by flow cytometry.
Inhibition by histamine was reversed by anti-H2 and was not
observed with histidine these results being in favour of the
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specificity of this effect We are however unable to explain
our findings and are reporting them to encourage others to
investigate this phenomenon.

Key words: Basophils – histamine – high dilutions – cimeti-
dine – ranitidine – histidine

Introduction

Human basophils play a key role in allergic diseases. Activa-
tion of basophils via cross-linking of membrane bound IgE
induces fusion of the cytoplasmic granules with the plasma
membrane and the subsequent release of potent mediators
including histamine. Histamine itself can inhibit the further
degranulation of the basophil by acting on H2 receptors [1, 2].
A series of investigations, mainly by one group, has demon-
strated that high dilutions of histamine are also capable of
inhibiting basophil degranulation [3, 4]. 

Although a biological action of ultra high dilutions has
been shown, this is extremely controversial [5–8]. Indeed the
paper published by Benveniste and colleagues in 1988
sparked a series of letters and investigations of various
degrees of seriousness [7–15]. This group suggested that
high dilutions of anti-IgE were able to stimulate human
basophils. Ovelgönne et al. and Hirst et al. attempted to
repeat these experiments but found no evidence for any peri-
odic or polynomial change of degranulation as a function of
anti-IgE dilution [7, 8]. The results did, however, contain a
source of variation that could not be explained [8].

Our experiments began in the early 80’s and were initial-
ly based on examination of the activity of histamine dilutions
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on basophil activation measured by alcian blue staining. The
first series of studies used specific allergen and leukocytes
taken from allergic subjects and thereafter we employed anti-
IgE. These data obtained between 1981–1994 [16–20]
demonstrated inhibition of basophil activation by histamine
dilutions which were always in the same dilution range
(between 10–6 and 10–8 and 10–30 to 10–34 theoretical molar
concentrations). The inhibition by histamine was reversed by
an H2 receptor antagonist (cimetidine) and a structural ana-
logue such as histidine showed no effect [21]. 

Given the controversial nature of these results, a multi-
centre blind investigation of the inhibition of basophil
degranulation by high dilutions of histamine was performed.
In order to further investigate the effect, using a flow cyto-
metric assay of basophil activation, further studies were per-
formed in three of the participating laboratories. Part of this
work has been published in the form of refereed extended
abstracts [21–23].

Materials and methods

Subjects

All participants were healthy control subjects of either sex, without any
major diseases.

Study 1: Multi-centre trial based on the measurement of
basophil activation by alcian blue staining

This trial was planed and managed by the coordinator (MR), who did
not participate in the experiments. Four independent European labora-
tories participated in the trial (Laboratory 1: France; Laboratory 2: The
Netherlands; Laboratory 3: UK; Laboratory 4: Italy). In order to ensure
that all participants were counting the cells in an identical manner, they
underwent a training period in the French laboratory. Furthermore, sam-
ples were sent to the laboratories and the counts were verified by the
French laboratory before the start of the trial. 

Histamine dilutions and controls were prepared independently in 
3 separate laboratories and then coded randomly by the coordinator.
Histamine hydrochloride (50 mg, Sigma) was dissolved in distilled
water (5 ml) and vortexed for 15 s (full speed). To obtain the dilutions
for the trial, this solution was serially diluted (1/100 v/v) up to 19 times.
All steps were performed in disposable 20 ml polystyrene tubes and
using disposable polystyrene tips. The dilutions 15, 16, 17, 18 and 19
were coded by the coordinator; these are equivalent to a final theoreti-
cal molar concentration of 10–30–10–38 M. In parallel, dilutions of dis-
tilled water alone were prepared in an identical manner and coded (con-
trols). On receipt of the coded dilutions and controls, each participating
laboratory stored them at 4°C. Prior to use, the dilutions and controls
were made isotonic by dilution (1/10 v/v) in Hepes buffer (NaCl 
127 nM, KCl 5 mM, Hepes 20 mM, pH 7.4).

All reagents, including disposable plastics, were from identical
sources. Following completion of the experiments the data were
returned to the coordinator and analysed by an independent statistician
(JC), who was not involved in any other part of the study. 

The basophil degranulation test has previously been published in
detail [24]. Cell suspensions (250 mL) were incubated for 30 min at
room temperature in the presence or absence of histamine dilutions.
After brief mixing (vortex medium speed, 3 s), aliquots (20 mL) were
added to a microtitre plate and mixed with 20 mL anti-human IgE (anti-
IgE, polyclonal anti-IgE affinity purified ATAB, USA, 1, 0.2, 
0.04 mg/mL). The plates were covered with sealer tape and incubated for
30 min at 37°C. Thereafter, alcian blue solution (100 mL) was added to
each well [24]. Stained basophils (not activated) were counted using a
haemocytometer (Fuchs Rosenthal). Approximately 80 cells were

counted in each well. Positive (anti-IgE alone) and negative (buffer
alone) controls were always included.

Study 2: Multi-centre trial based on the measurement of
basophil activation by flow cytometry

Given the results of the above study, a further multi-centre study was
devised. This was based on a new flow cytometric method designed for
allergy diagnosis, which has high specificity is not subjective [see ref-
erences cited in 25]. The study investigated the inhibition of basophil
activation induced by anti-IgE and measured by an anti-IgE/CD63 flow
cytometric method.

Three laboratories took part in this study (Laboratories 1, 3 and 4).
Histamine dilutions were prepared in the individual laboratories as
described above with a range of concentrations tested (theoretical final
concentrations 10–2–10–40 M). The methods used have also been
described in detail [26]. Leukocyte suspensions were obtained by sedi-
mentation (1–1.5 h) of EDTA blood. The cell suspensions were washed
twice with EDTA buffer (127 mM NaCl, 5 mM KCl, 20 mM Hepes, 
5 mM EDTA, 5 IU/mL heparin; pH 7.4) and then incubated with equal
volumes of histamine solutions for 30 min at room temperature. In the
experiments performed to evaluate the effect of H2 receptor antagonists,
the drugs were co-incubated with histamine before adding anti-IgE, at
the stated concentrations. Aliquots (20 mL) were then mixed with anti-
IgE (0.2 mg/mL, Dako, UK; ATAB, USA or Sigma, Milan, Italy) for 
30 min at 37°C. Cells were washed and labelled with 10 mL anti-IgE
FITC (0.5 mg / 106 cells, Caltag, USA or Sigma, Milan, Italy) and 10 mL
anti-CD63 PE (1 mg /106 cells, Caltag, USA or Coulter, Milan, Italy) for
20 min at 4°C. Buffer (Isoflow, Beckman Coulter; FACSflow BD Bio-
sciences; 500 mL) was added. Basophils were selected by their brightly
fluorescent anti-IgE FITC (high mean channel fluorescence MCF). The
percentage of activated cells was calculated by positioning an electron-
ic gate between CD63– and CD63+ cells. Each experiment was per-
formed at least 4 times in duplicate. Negative controls consisted of iso-
type-matched, directly conjugated non-specific antibodies.

Study 3: Measurement of basophil activation based on the
evaluation of histamine release and modulation of
histamine effect by H2-receptor antagonists

A/Effect of high dilutions of histamine on anti-IgE induced
histamine release
These experiments were performed in Laboratory 4. Samples of 30 mL
of venous blood were taken from healthy donors whose basophils
responded to anti-IgE and who had not used any medication in the pre-
vious 4 weeks. The blood was collected by venepuncture from a super-
ficial antecubital vein and anticoagulated with adding EDTA (0.5 M to
10 mL of blood). About 15 mL of plasma were obtained by natural sed-
imentation (2 h at room temperature) and collected in conical plastic
tubes. A pellet rich in leukocytes was obtained by centrifugation at 
900 rpm using a 4227 R refrigerated centrifuge (Beckman Inst, Inc, Palo
Alto, Ca, USA) at 20°C for 10 min in a buffer of the following compo-
sition: HEPES 20 mM, NaCl 127 ml, KCl 50 ml, sodium heparin 5 IU
mL–1, bovine serum albumin 1.5 mg mL–1, pH 7.4 (Buffer A). Erythro-
cytes were lysed by a solution of the following composition: NH4Cl 
152 mM, KHCO3 10 mM, EDTA 100 mM (Buffer B) Leukocyte-rich
suspensions were washed with buffer A and then incubated with equal
volumes of the drugs under study (histamine final concentration
10–10–10–40 M) for 30 min at 37°C in a shaking water bath [3]. Aliquots
(20 mL) were then incubated with anti IgE (Sigma, Milan Italy) for 
30 min, and then processed for the evaluation of the release of hista-
mine. Basophil activation was assessed by measurement of histamine
release [1].

Histamine was measured fluorimetrically using the method of
Shore et al. [27] as modified by Kremzer and Wilson [28]. In the super-
natants, o-phtaldialdehyde was added directly to the samples after alka-
lisation. The same procedure was used for the cells after extraction with
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0.1 M HCl, using the method of Bergendorff and Uvnas [29]. Histamine
release was expressed as percentage of the total present in the cells plus
supernatants. Spontaneous histamine release ranged between 5–10%
and was subtracted from all the values. 

B/Modulation of histamine effect by H2 receptor antagonists
These experiments were performed in Laboratories 1 and 4. In addition
to the protocol described for study 2, drugs (ranitidine 10–4 M and cime-
tidine 10–5 M) were co-incubated with histamine before adding anti-IgE,
at the stated concentrations. 

Statistical analysis

Study 1: Multi-centre trial based on the measurement of
basophil activation by alcian blue staining

This study was designed to investigate the inhibitory effect of histamine
dilutions on basophil degranulation triggered by anti-IgE. To examine
such an effect, the anti-IgE must have caused a degranulation. Thus, all
data were validated by calculating the coefficient of variation (cv) of the
absolute basophil count in the absence of anti-IgE for each laboratory.
The minimum percentage degranulation was set at 3.4 cv for the 0.1%
level of risk. Only data exceeding these values were included in the
analyses, those less than these values are described as censored. Statis-
tical analysis was performed at 0.1% level of risk and two sets of tests
were performed based on both parametric (GLM procedure, multivari-
ate analysis) and distribution free non-parametric (Kruskal-Wallis) pro-
cedures. 

Study 2: Multi-centre trial based on the measurement of
basophil activation by flow cytometry

Statistical analysis was performed using SPSS statistic software
(Release 8.0.0 for Windows, standard version; SPSS Inc., 1989–1997).
Comparison of two groups of data was performed using paired-value
Wilcoxon test. Differences between three or more groups of data were
analysed using Kruskal-Wallis test, subsequent analysis used the Dunn’s
Multiple Comparison Test. P values less than 0.05 were considered sta-
tistically significant. Data are reported as mean ± SEM for the number
of experiments shown in brackets. 

Study 3: Measurement of basophil activation based on the
evaluation of histamine release and modulation of hista-
mine effect by H2-receptor antagonists

Data are reported as mean ± SEM for the number of experiments shown
in brackets. Data were analysed either using the Kruskal-Wallis test,
with subsequent analysis with Dunn’s Multiple Comparison test; one
way analysis of variance with subsequent analysis with Dunnett’s Mul-
tiple Comparison Test or the Wilcoxon test. 

Results

Study 1: Multi-centre trial based on the measurement of
basophil activation by alcian blue staining

The relative standard deviation was similar for 3 of the labo-
ratories (9.6%, 9.4% and 9.5%) and slightly higher for the
fourth laboratory 11.4%. From the 3906 collected data
points, 476 were eliminated as missing data (where either
treatment or control counts were missing, the partner data
were eliminated) and 724 as censored data (where no activa-
tion was observed after anti-IgE stimulation). No outliers
were detected by Grubb’s test applied to the control data.
Thus 2706 data points were regarded as validated.

Combining all data in the presence or absence of hista-
mine dilutions, the overall effect was highly significant 
(p ≤ 0.0001). In laboratories 1, 3 and 4 the presence of hista-
mine in the initial solutions significantly inhibited anti-IgE
induced basophil degranulation at the lowest anti-IgE con-
centrations tested (Table 1). In laboratory 4, significant dif-
ferences were seen at all tested anti-IgE concentrations. The
results for the individual histamine dilutions and laboratories
are shown in Table 2. At the highest concentration of anti-IgE
tested, histamine dilutions caused a slight increase in degran-
ulation in laboratory 1, had no effect in laboratory 2, caused
an inhibition at 1 concentration (10–36 M) in laboratory 3 and
were inhibitory at all concentrations in laboratory 4. The per-
centage degranulation was highest in laboratory 1 and lowest
in laboratory 4. At the second concentration of anti-IgE test-
ed (0.02 mg/mL), inhibition was only seen in laboratory 4.
The control activation was lowest in laboratory 4. At the low-
est anti-IgE concentration tested (0.04 mg/mL), some inhibi-
tion was seen in all laboratories but was most marked in lab-
oratories 1 and 4. 
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Table 1. Comparison of percentage basophil degranulation in the presence and absence of histamine dilutions.

Anti IgE (1 mg/mL) Anti-IgE (0.2 mg/mL) Anti IgE (0.04 mg/mL)

Control + histamine Control + histamine Control + histamine

Lab 1 77.4 ± 1.10 81.6 ± 1.06** 67.6 ± 0.89 66.1 ± 1.00 46.2 ± 0.96 34.1 ± 2.5**
(n = 81) (n = 81) (n = 141) (n = 141) (n = 54) (n = 54)

Lab 2 53.4 ± 0.62 54.9 ± 0.59 54.5 ± 0.74 53.9 ± 0.82 50.3 ± 0.82 47.8 ± 2.42 
(n = 168) (n = 168) (n = 162) (n = 162) (n = 156) (n = 156)

Lab 3 54.3 ± 1.23 53.2 ± 2.19 57.3 ± 1.26 57.0 ± 1.61 51.3 ± 0.94 47.3 ± 1.46*
(n = 66) (n = 66) (n = 63) (n = 63) (n = 93) (n = 93)

Lab 4 50.9 ± 0.80 40.0 ± 1.22** 53.2 ± 0.95 41.8 ± 1.44** 46.4 ± 1.29 37.4 ± 2.14**
(n = 150) (n = 150) (n = 144) (n = 144) (n = 75) (n = 75)

Basophil degranulation was assessed by Alcian Blue counts. The data compare the combined results for all histamine and water dilutions. Data are
expressed as mean ± SEM, for the number of data points n. Statistical analyses were performed using the T test. *p < 0.005, **p < 0.0001.
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Table 2. Comparison of percentage degranulation in the presence and absence of histamine dilutions in the four different laboratories and examining
the individual anti-IgE dilutions used. 

Laboratory Anti IgE Histamine (M) Control N + histamine N

1 1 mg/mL 10–30 76.2 ± 2.0 15 80.8 ± 3.1 15
10–32 78.6 ± 2.2 18 85.7 ± 0.9 18
10–34 75.2 ± 3.7 15 83.2 ± 1.6 15
10–36 77.2 ± 2.5 15 81.7 ± 1.5 15
10–38 79.1 ± 2.0 18 76.7 ± 3.3 18

0.2 mg/mL 10–30 72.5 ± 1.3 33 71.2 ± 1.2 33
10–32 63.8 ± 1.7 18 63.1 ± 0.9 18
10–34 66.0 ± 2.1 36 67.5 ± 1.7 36
10–36 60.7 ± 3.6 15 59.4 ± 2.1 15
10–38 69.3 ± 1.4 39 64.5 ± 2.8 39

0.04 mg/mL 10–30 43.8 ± 2.4 9 49.4 ± 4.0 9
10–32 47.0 ± 2.3 12 44.4 ± 2.4 12
10–34 48.4 ± 4.5 6 10.7 ± 4.6 6
10–36 46.5 ± 1.5 12 29.8 ± 5.7 12
10–38 46.0 ± 1.5 15 29.5 ± 4.6 15

2 1 mg/mL 10–30 54.3 ± 1.2 33 55.2 ± 8.2 33
10–32 51.8 ± 1.4 33 54.4 ± 1.2 33
10–34 55.9 ± 1.3 33 56.2 ± 1.0 33
10–36 52.7 ± 1.3 36 52.2 ± 1.3 36
10–38 52.1 ± 1.6 33 56.6 ± 1.6 33

0.2 mg/mL 10–30 54.1 ± 1.7 30 53.7 ± 1.7 30
10–32 52.9 ± 1.9 33 52.8 ± 2.0 33
10–34 55.2 ± 1.5 33 52.2 ± 2.2 33
10–36 54.4 ± 1.5 36 55.4 ± 1.5 36
10–38 56.0 ± 1.7 30 55.5 ± 1.6 30

0.04 mg/mL 10–30 49.0 ± 2.0 36 47.8 ± 3.0 36
10–32 51.4 ± 1.7 24 46.2 ± 2.8 24
10–34 48.9 ± 2.1 30 46.8 ± 2.8 30
10–36 52.7 ± 1.6 30 50.8 ± 2.0 30
10–38 50.0 ± 1.6 36 47.1 ± 3.0 36

3 1 mg/mL 10–30 59.8 ± 3.4 11 55.4 ± 3.3 11
10–32 51.7 ± 2.5 12 57.6 ± 2.9 12
10–34 56.8 ± 2.5 12 63.9 ± 4.0 12
10–36 56.7 ± 2.8 14 37.8 ± 6.8 14
10–38 48.9 ± 2.0 17 53.9 ± 3.3 17

0.2 mg/mL 10–30 62.4 ± 2.7 12 57.7 ± 3.4 12
10–32 55.4 ± 2.5 15 58.4 ± 2.7 15
10–34 58.3 ± 3.0 12 57.5 ± 4.9 12
10–36 56.1 ± 2.1 12 57.7 ± 4.5 12
10–38 54.7 ± 3.5 12 55.4 ± 2.9 12

0.04 mg/mL 10–30 51.8 ± 1.7 27 48.4 ± 2.2 27
10–32 50.0 ± 3.0 12 46.6 ± 4.0 12
10–34 50.2 ± 1.4 27 44.3 ± 3.5 27
10–36 57.3 ± 3.6 6 52.2 ± 1.8 6
10–38 50.9 ± 2.3 21 48.7 ± 2.8 21

4 1 mg/mL 10–30 47.2 ± 1.6 36 37.8 ± 2.7 36
10–32 52.6 ± 1.9 18 37.3 ± 5.0 18
10–34 52.1 ± 1.5 36 38.7 ± 2.1 36
10–36 52.9 ± 2.4 24 40.8 ± 3.1 24
10–38 51.3 ± 1.6 36 44.2 ± 1.9 36

0.2 mg/mL 10–30 51.3 ± 2.4 30 47.3 ± 3.5 30
10–32 53.1 ± 2.4 21 33.7 ± 3.7 21
10–34 56.4 ± 1.9 33 43.3 ± 2.0 33
10–36 51.8 ± 2.1 21 39.0 ± 3.5 21
10–38 52.9 ± 1.9 39 42.2 ± 3.1 39

0.04 mg/mL 10–30 48.4 ± 2.9 18 40.1 ± 4.9 18
10–32 51.8 ± 6.5 3 14.5 ± 3.5 3
10–34 47.3 ± 2.3 21 42.0 ± 3.1 21
10–36 43.6 ± 4.3 9 42.4 ± 5.7 9
10–38 44.6 ± 2.1 24 32.3 ± 4.0 24

Basophil degranulation was assessed by Alcian Blue counts. Data are expressed as mean ± SEM, for the number of data points n.



Study 2: Multi-centre trial based on the measurement of
basophil activation by flow cytometry

A/Laboratory 4
In this laboratory, the effect of 5 histamine concentrations
(10–28–10–36 M) was tested in 29 experiments, all performed
in duplicate. Using the Kruskal-Wallis test, there were sig-
nificant differences from the control activation in the absence
of the histamine dilutions (p < 0.0001). Subsequent analysis
with Dunn’s Multiple Comparison Test revealed that all hist-
amine containing samples were significantly different from
the anti-IgE induced control (p < 0.001) (Fig. 1). The mean
maximum percent inhibition observed was 42.8%. 

B/Laboratory 3
A wide range of histamine concentrations was tested
(10–2–10–40 M). All experiments were performed in duplicate
15–42 times. Using a one way analysis of variance, there
were significant differences from the control activation 
(p < 0.05). Subsequent analysis with Dunnett’s Multiple Com-
parison Test revealed significant differences at only 3 con-
centrations (10–2, 10–4 and 10–20 M) (Fig. 2). A dose response
curve could not be established due to the protocol design (his-
tamine dilutions were tested in groups). Furthermore, the
degree of basophil releasibility varied between subjects. 

C/ Laboratory 1
In a series of 36 experiments performed in triplicate, 4 of the
5 tested histamine dilutions were significantly different from
anti-IgE plus water using the Wilcoxon test (Fig. 5). 

Study 3: Measurement of basophil activation based 
on the evaluation of histamine release and modulation 
of histamine effect by H2-receptor antagonists

A/Laboratory 4
Histamine release was significantly inhibited after preincu-
bation with histamine dilutions (Fig. 3). Using the Kruskal-
Wallis test, there were significant differences within the
dataset (p = 0.001). Subsequent analysis with Dunn’s Multi-
ple Comparison Test revealed significant differences with all
histamine dilutions tested (10–10–10–40 M) (p < 0.05).

B/Laboratories 1 and 4
Further studies indicated that preincubation with the hista-
mine antagonists ranitidine (10–4 M) or cimetidine (10–5 M)
reduced the histamine induced inhibition of basophil activa-
tion (Fig. 5a). Using the Kruskal-Wallis test, there were sig-
nificant differences within the dataset (p < 0.0001). 

In another series of ten experiments, pre-incubation with
cimetidine significantly (Wilkoxon paired test) reversed the
effect of histamine for the dilution 10–32 M (Fig. 5b). The his-
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Fig. 1. Percentage basophil activation (assessed by flow cytometry)
after incubation with anti-IgE in the absence (anti IgE) or the presence
of histamine (theoretical molar concentrations are given). Data are
shown from 29 experiments performed in duplicate. Anti-IgE refers to
studies performed in the absence of histamine. Using the Kruskal-Wal-
lis test, there were significant differences from the control release (p <
0.0001). Subsequent analysis with Dunn’s Multiple Comparison Test
revealed that all histamine containing samples were significantly differ-
ent from the anti-IgE induced control (* = p < 0.001).

Fig. 2. Inhibition of basophil activation caused by histamine dilutions. Data are given as mean ± SEM for 15–42 experiments in duplicate. The
unblocked (control) activation was 63.0 ± 2.8%. Activation of basophils was assessed using by examining the percentage of cells expressing CD 63
using flow cytometry. Using a one way analysis of variance, there were significant differences from the control activation (p < 0.05). Subsequent
analysis with Dunnett’s Multiple Comparison Test revealed significant differences (* p < 0.05).



tamine induced inhibition was significant (p = 0.0017) in the
absence of cimetidine and not significant in the presence of
cimetidine compared to the anti-IgE control. In addition, the
percentage activations observed in the presence and the
absence of cimetidine for histamine dilution 10–32 M were
also significantly different (p = 0.0024).

C/Laboratory 1
In further series of experiments the activity of histamine was
compared to the activity of a structural analogue (histidine)
tested in parallel on the same leukocyte suspensions. A sig-
nificant inhibition was observed for histamine dilutions and
no effect was observed with histidine dilutions. Comparing 
9 experiments, the effects of histidine 16C versus histamine
16C (15.7 ± 13.7% verses 13.7 ± 12.0), we found a statisti-
cally significant difference (p = 0.028) and no difference
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Fig. 3. Percentage basophil activation after incubation with anti-IgE in
the absence (anti IgE) or the presence of histamine (theoretical molar
concentrations are given). The data are shown as means for 36 experi-
ments performed in triplicate. Activation of basophils was assessed
using by examining the percentage of cells expressing CD 63 using flow
cytometry. All tested dilutions except 10–38 M were significantly differ-
ent from anti-IgE plus water using the Wilcoxon test (p < 0.01). 

Fig. 4. Effect of preincubation with histamine dilutions on histamine release. Data are given as mean ± SEM for n = 14 experiments. The concen-
tration of anti-IgE was 0.2 mg/mL. Using the Kruskal-Wallis test, there were significant differences from the control histamine release 
(p = 0.001). Subsequent analysis with Dunn’s Multiple Comparison Test revealed significant differences with all histamine dilutions tested
(10–10–10–40 M) (*p < 0.05, **p < 0.001).

Fig. 5. Effect of preincubation with the histamine antagonists raniti-
dine (10–4 M) or cimetidine (10–5 M) on histamine induced inhibition of
basophil activation induced by anti-IgE (0.2 mg/mL). a Data are shown
as mean ± SEM for 6 experiments. Activation of basophils was assessed
using by examining the percentage of cells expressing CD 63 using flow
cytometry. * = p < 0.01 compared to anti-IgE alone using Kruskal-
Wallis test followed by Dunn’s Multiple Comparison Test. b Data 
are shown as mean ± SEM of 10 experiments. Open columns are in 
the absence of cimetidine and filled columns in the presence of cime-
tidine.

a

b



between histidine 16C and the water control (15.7 ± 13.7%
verses 16.26 ± 13.1%). 

Discussion

Previous studies from some of the authors of this paper have
indicated that high dilutions of histamine are able to inhibit
basophil activation, as measured either by examining alcian
blue staining or by examining the expression of CD63 [3, 4,
23, 30]. In the first study, we attempted to avoid potential
sources of problems/bias by arranging for all the solutions to
be prepared and coded by an independent laboratory. The cod-
ed solutions were sent to the participating laboratories in a
blinded fashion. Furthermore, all participants had received
previous training in the basophil counting technique and the
data were analyzed by an independent statistician. At the low-
est concentration of anti-IgE tested, the histamine dilutions,
when compared as a block to the water dilutions, produced a
small but statistically significant inhibition of basophil
degranulation in 3 of the 4 laboratories. This was not apparent
at the higher anti-IgE concentrations tested. This observation
is perfectly in keeping with the mechanism of release of
endogenous substances. Whenever a release occurs, it is more
difficult to down-regulate the release when it is at its maxi-
mum extent. When the different dilutions were considered
separately, it was clear that the degree of inhibition depended
on the amount of activation present. In one laboratory (labo-
ratory 4), which had the lowest activation, the histamine dilu-
tions almost always inhibited basophil degranulation. Never-
theless the intensity of the observed effect varies from one
laboratory to the other. We believe that this is due to the vary-
ing sensitivity of basophils depending from the donors. 

The protocol of this multi-centre study was designed to
allow every laboratory to easily perform the experiments. In
the first studies we performed, we used antigen activated
basophils from allergic patients. This was not possible in this
multi-centre control because most of the participating labo-
ratories did not have access to a source of basophils from
allergic patients, so we developed a technique using
basophils from healthy donors stimulated with three different
anti-IgE concentrations. 

The controversy over the manual method used to assess
basophil activation, together with its time consuming and
repetitive nature, prompted the use of a machine based method
to assess basophil activation. The flow cytometric analysis of
basophil activation has gained acceptance in the field of aller-
gy diagnosis [e.g. see papers cited in 25]. Three of the original
participating laboratories separately studied the effects of high
histamine dilutions i.e. all experiments were performed com-
pletely independently. All three laboratories observed inhibi-
tion of anti-IgE induced basophil activation in the presence of
high dilutions of histamine. However, the results were not
identical between the laboratories. Thus, in Laboratory 1, only
5 dilutions were tested (10–28–10–32 M) and all produced a sta-
tistically significant inhibition of between 20–25% (median)
with ca. 40% activation (range 20–77%). In Laboratory 3, a
much wider range of dilutions was tested with significant inhi-
bition observed at 10–2, 10–4 and 10–20 M. However, in this
series of experiments the average basophil activation response
was over 60% (range 27–98%). In Laboratory 1, significant

inhibition was observed at almost all concentrations tested. In
a limited series of experiments in one laboratory, it was shown
that histamine release was also inhibited by preincubation of
basophils with a much larger range of histamine dilutions.
However, the actual dilution tested did not seem to influence
the amount of inhibition observed. 

It is clear from Figure 1 that ultra-high dilutions of hista-
mine inhibit basophil activation (CD63) without any dose-
response relationship. It is equally clear from Figure 4 that
high dilutions of histamine inhibit the immunological release
of histamine without any dose-response relationship. From
the experiments with cimetidine and ranitidine (shown in
Fig. 5), H2-receptor antagonists only partially revert the
inhibitory action of ultra-high dilutions of histamine, without
obeying to the PA2/PD2 rules. This was despite the antago-
nists being present in a vast excess (10–4–10–5 M compared
to 10–28–10–36 M). The reversibility of histamine inhibition by
cimetidine observed in Laboratory 4 was confirmed in Lab-
oratory 1. This reinforced the specificity of the observed phe-
nomenon confirmed by the absence of activity of histidine
dilutions [23]. These findings confirm the previously pub-
lished results exhibiting an inhibition by cimetidine of the
basophils activation determined by staining method [21].

The experiments performed during the 80’s were repeat-
ed using an automated method (flow cytometry). The results
obtained by staining basophil by alcian blue were confirmed
using the same method for the multi-centre trial in terms of
inhibition of histamine on basophil activation. The effect of
cimetidine and the absence of histidine activity were con-
firmed using a flow cytometric methods. 

Although the mean activity of high histamine dilutions
were relatively low (around 20% on average), the aim of the
study was not to compare the activity of histamine to other
inhibitors of basophil function but to demonstrate that high
dilutions of histamine had a significant activity. We were
unable to examine basophil cell lines in this model due to the
lack of expression of CD63 and the low reactivity observed
after passive sensitisation of transfected lines.

Other biological models have examined the effects of high
dilutions:
– Doutremepuich and co-workers [6, 31, 32, 33] demon-

strated that, in the rat, high dilutions of aspirin (15 C 
10–30 g/l) have pro-aggregant and prothrombotic activity.
They showed that the effect of an injection of 100 mg/kg
aspirin is totally inhibited by the extemporaneous injec-
tion of aspirin 15 C.

– Jonas and co-workers [34] demonstrated that preincuba-
tion of neuronal cells with high dilutions of glutamate
(10–22 and 10–30 g/L) protects against subsequent exposure
to toxic levels of glutamate. High dilutions of cyclohex-
imde (10–27 M) also protected against the effects of gluta-
mate exposure [35].

– Using a radioactive tracer method high dilutions of As2O3

(10–14 g/l) enhanced the elimination of orally administered
arsenious anhydride [36]. 

We are not yet able to propose any theoretical explanation of
these findings. Despite searching for artefacts, we have been
unable to find any. Taking into account the ultralow concen-
tration of molecules in such dilutions, we hypothesize that
biological information must come from solvent which is pure
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water in our experiments. Thus we have investigated not only
biological models but also physical models. 

Analyzing the intensity and emission spectrum of ice
thermoluminescent glow, Rey demonstrated [37, 38] that this
spectrum is directly linked to the network structure within the
ice. Rey [39] also demonstrated that various frozen sodium
chloride dilutions and various frozen high lithium chloride
dilutions exhibit different thermoluminescent spectra: as a
working hypothesis, the author suggests that the phenome-
non results from a marked structural change in the hydrogen
bound network. We are aware that these findings do not con-
stitute a complete explanation of the observed phenomena
but are merely steps to firstly validate the activity of high
dilutions and secondly to second try to understand the under-
lying causes of the activity.

The findings presented in this paper suggest that high
dilutions may indeed exert an effect on cellular activity. We
are however unable to explain our findings and are reporting
them to encourage others to investigate this phenomenon. On
the basis of previous results, we plan to test with the flow
cytometric technique the effect of other agents such as H1

agonists and antagonists and autocoïds.
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