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Summary

	 Background:	 Adrenaline is known to inhibit the immunological activation of human basophils. The same effect 
can be obtained with ultra-low doses of histamine.

	Material/Methods:	 The present investigation was undertaken to verify the effects of ultra-low doses of adrenaline on 
the immunological activation of human basophils. For this purpose, purified human basophils 
were isolated from the blood of atopic donors and the response of the basophils to anti-IgE anti-
serum was evaluated by measuring the release of histamine and the expressions of the activation 
markers CD63 and CD203c on the basophil surface.

	 Results:	 The antigenic activation of basophils was significantly decreased by adrenaline at both pharmaco-
logical and ultra-low doses. The inhibiting effects of adrenaline were reversed by the beta blocker 
propranolol at either dose level.

	 Conclusions:	 Although seemingly unexplainable by the currently accepted pharmacological principles, this phe-
nomenon, already reported for histamine, deserves further investigation.
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Background

Allergic asthma and systemic anaphylaxis are triggered by 
IgE cross-bridging brought about by the antigen on the sur-
face of tissue mast cells and circulating basophils, leading 
to a sequential release/neosynthesis of different allergic 
mediators, including histamine. For many decades, adren-
aline has been a cornerstone in the treatment of system-
ic anaphylaxis and severe asthmatic episodes and its role 
has been confirmed by a body of experimental evidence 
showing its ability to reduce the response of immune-
competent cells to the antigen. Adrenaline down-regu-
lates histamine release and anaphylactic shock in the iso-
lated lung of the guinea pig [1]. Moreover, the release of 
histamine from passively sensitized human chopped lung 
is maximally reduced by adrenaline and isoprenaline [2] 
at very low concentrations (10–11, 10–10 M). Furthermore, 
in mast cells isolated from serous cavities of actively sen-
sitized rats, 0.1–1 mM adrenaline significantly reduces 
the release of histamine due to antigen and compound 
48/80 [3]. The inhibitory effect of adrenaline involves 
human basophils, which are of paramount importance 
in the second phase of the allergic response in an asth-
matic attack [4]. In actively sensitized human basophils, 
high concentrations of adrenaline are required to inhib-
it the release of histamine [5]. Conceivably, the secretion 
of adrenaline exerts a negative feedback limiting the fur-
ther release of allergic mediators in both systemic ana-
phylaxis and asthmatic attack.

Besides adrenaline, histamine has been shown to exert a 
feedback control on the spread of allergic reaction by de-
creasing the response to the allergenic challenge of oth-
er target cells, including tissue mast cells and blood ba-
sophils. In human basophils from allergic donors, 10–6 
M histamine inhibits the release of histamine due to al-
lergens, and this activity is blocked by burimamide but 
not by diphenhydramine, thus indicating the presence of 
H2 receptors on basophils [6]. The antigen-induced IgE-
mediated release of histamine from human basophils is 
blocked by extracellular histamine, presumably as a result 
of its ability to increase cyclic AMP levels, an effect which 
histamine shares with catecholamines [7]. Interestingly, 
this negative feedback is still preserved when histamine is 
over-diluted. In this regard, a European multicenter study 
recently showed that human basophil degranulation in-
duced by anti-IgE is blocked by over-diluted histamine, as 
revealed by the optical counting of stained basophils [8].

Recent investigations using immune staining of basophils 
with specific activation markers, such as CD63 and CD203, 
and flow cytometry confirmed the results of previous reports 
[9] and further investigations showed that over-diluted his-
tamine (10–28–10–30 M) significantly inhibits the anti-IgE-in-
duced expression of CD-63 and the release of histamine 
from human basophils [10]. Since adrenaline also inhibits 
the antigen-stimulated release of histamine from mast cells 
and basophils at conventional concentrations, in the allergic 
response we hypothesized that it could, as histamine does, 
preserve this activity at ultra-low doses. To test this hypoth-
esis, the present investigation comparing the effects of con-
ventional and ultra-low doses of adrenaline on basophil ac-
tivation was undertaken.

Material and Methods

Adrenaline dilutions

Adrenaline hydrochloride (21.9 g) was dissolved in 1 l of 
distilled water to a final concentration of 1 M and carefully 
stirred with a vortex for 30 s at full speed. This mother solu-
tion was then serially diluted 1/100 (v/v) up to 19 times and 
carefully stirred with a vortex at full speed for 30 s for each 
dilution to final theoretical molar concentrations (TMCs) 
ranging from 10–30 to 10–38. Distilled water, as a control, was 
also prepared using the same procedure. Prior to use, the 
solutions were made isotonic by dilution 1/10 (v/v) with 
HEPES buffer (127 mM NaCl, 5 mM KCl, 20 mM HEPES, 
pH 7.4). All the steps were performed using disposable 20-
ml polystyrene tubes and tips.

Measurement of basophil activation by flow cytometry

Human basophil activation in vitro follows the interaction of 
anti-IgE and reaginic (IgE) antibodies on the surface of ba-
sophils isolated from atopic donors and serves as a model of 
human allergy since the intensity of activation usually reflects 
the clinical severity of allergic diathesis [5]. For the human 
basophil activation test, atopic donors were enrolled in the 
study at the Transfusion Unit of Careggi General Hospital 
(Florence) after signing an informed consent form to partici-
pate in the study. Blood (400 ml) was collected from each in-
dividual in citrate solution. Fifty-ml aliquots were transferred 
to 50-ml tubes and centrifuged at 3500 rpm for 11 minutes at 
20°C. The supernatant plasma was then carefully removed. 
The remaining blood was left at room temperature for 24 
hours, the “buffy coat” was centrifuged at 900 rpm for 9 min-
utes at 20°C, and the platelet-rich supernatant was carefully 
removed. Thirty ml of the residual leukocyte-rich prepara-
tion was diluted 1:4 in HEPES buffer (127 mM NaCl, 5 mM 
KCl, 20 mM HEPES, 5 IU/ml heparin; pH 7.4) and aliquots 
of 10 ml were layered over 10 ml of Ficoll-Paque and centri-
fuged at room temperature at 420 × g. The basophil-rich Ficoll-
Paque layer was then removed, washed, centrifuged (200 × g, 
10 min. 20°C) and re-suspended in HEPES buffer as above.

Aliquots of 250 µl of cell suspensions were then incubated 
for 30 min at room temperature with the adrenaline dilu-
tions and controls. To test the effect of beta-receptor antag-
onists, propranolol was co-incubated with adrenaline before 
adding anti-IgE, at the reported concentrations. Aliquots of 
20 μl were then incubated with anti-IgE for 30 min at 37°C.

For the measurement of basophil activation by flow cytome-
try, the basophil-rich suspensions were washed and labeled 
with 10 μl of two fluorescent antibodies: fluorescein iso-
thiocyanate (FITC) anti-IgE antibodies as a marker of IgE-
bearing cells and phycoerythrin (PE)-conjugated antibod-
ies – to the membrane – and granule-associated proteins 
CD63 and CD203c, respectively, as markers of allergenic 
activation. The fluorescent antibodies were incubated with 
the cells for 20 min at 4°C. The cells were then washed with 
buffer, centrifuged at 200 × g for 10 min at room tempera-
ture, and re-suspended in buffer.

After the lysis of the residual erythrocytes, the leukocyte sus-
pensions were analyzed with a flow cytometer (Coulter XL; 
Coulter Cytometry, Hialeah, FL, USA). Since the separation 
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ONLYtechnique provides a leukocyte preparation with no more 
than 70% basophils, it was necessary to sort the baso-
phils using the appropriate function in the flow cytometer 
(Figure 1). Basophils were recognized by their high expres-
sion of membrane-bound IgE, which results in a high signal 
related to FITC fluorescence (emission peak at 530 nm). 
The fluorescent signal of PE (emission peak at 575 nm) 
was used to discriminate between activated and non-activat-
ed cells. In the baseline inactivated state, human basophils 
showed no expression of CD63 and only a slight expression 
of Cd203c, but on activation there was a significant increase 
in the expressions of both markers, as shown in Figure 1. 
Basophil activation was measured as the percentage of cells 
expressing CD63 and CD203c.

Measurement of basophil activation by histamine release

The histamine release assay used in this study is that pro-
posed by Shore et al. [9] as modified by Kremzer and Wilson 
[11]. Histamine was measured in the supernatants and pel-
lets of samples incubated with anti-IgE for 30 min at 37°C 
and in samples challenged with anti-IgE after 30 min of in-
cubation with the adrenaline dilutions. For this purpose, 
O-phtaldialdehyde was added directly to the sample super-
natants after alkalinization. The same procedure was used 
for the cells after extraction with 0.1 M HCl using the meth-
od proposed by Bergendorff and Uvnas [14]. Histamine 
release (supernatant histamine) was expressed as the per-
centage of the total histamine in the sample (cells plus su-
pernatant). The spontaneous release of histamine, ranging 
between 1 and 5%, was subtracted from the reported values.

List of reagents and suppliers

Bovine serum albumin (BSA) and O-phtaldialdehyde were 
from Boehringer (Germany), heparin from Parke-Davis 

(Milano, Italy), and adrenaline hydrochloride and pro-
pranolol hydrochloride from Merck (Darmstadt, Germany). 
Anti-human IgE antibodies and anti-human IgE fluorescein 
isothiocyanate antibodies were from Sigma (Milano, Italy). 
Anti-human CD63 and CD203c phycoerythrin-conjugated 
antibodies were from Coulter (Milano, Italy).

Statistical analysis

All data were validated by calculating the coefficient of vari-
ations (CV) of the absolute basophil expressions of CD63 
and CD203c and basal histamine levels in the absence of 
anti-IgE. The minimum percentage activation was set at 3.4 
CV for the 0.1% level of risk. Only data exceeding this val-
ue were included in the analysis. Statistical analysis was per-
formed using SPSS statistical software (release 11.0, Chicago, 
IL, USA) Comparisons of groups were done using Student’s 
t test for unpaired values of Kruskal-Wallis H test. p values 
≤0.05 were considered statistically significant.

Results

Effects of ultra-diluted adrenaline on the antigenic 
release of histamine from human basophils

The human basophils of the atopic donors significantly re-
acted to antigenic stimulation. In six consecutive experi-
ments using different atopic donors with serum IgE levels 
>500 ng/ml, exposure to antigen caused a 60% release of 
the total basophil histamine content. When the same anti-
genic stimulus was applied to cells which had been pre-in-
cubated with adrenaline dilutions within the range of 10–28 
to 10–36, the antigenic release of histamine was significant-
ly decreased. (Figure 2). No dose-effect relationship could 
be observed in the inhibiting action of adrenaline within 
the adrenaline dilutions reported in Figure 2. A compara-
ble decrease in the release of histamine was reported by oth-
ers [8] using ultra-high dilutions of histamine.

Flow cytometric evaluation of basophil activation

The expression of CD63 on the outer membrane of activat-
ed basophils can be detected by phycoerithrin (PE)-labeled 
monoclonal antibodies and measured by flow cytometry; 
it represents a marker of cellular exocytosis in response 
to antigenic stimuli (Figure 1). CD63 is a glycoprotein be-
longing to the tetraspanin family located within the gran-
ules of quiescent basophils and is expressed on the out-
er membrane only upon activation. In atopic donors, the 
challenge with anti-IgE induced the expression of CD63 in 
about 50% of circulating basophils, but after incubation of 
activated basophils with adrenaline concentrations rang-
ing from 10–2 to 10–12 M, the anti-IgE-induced expression 
of CD63 was significantly reduced (Figure 3). More impor-
tantly, the same effect can be observed in cells pre-incubat-
ed with a wide range of ultra-high dilutions of adrenaline, 
within the range of 10–30 to 10–40 TMC (Figure 3), and the 
effect on CD63 expression is similar to that of ultra-high di-
lutions of histamine (Figure 4).

Other experiments indicated that pre-incubation with both 
pharmacological and ultra-high dilutions of adrenaline (10–6 
M) decreased the anti-IgE-induced activation of basophils and 
this effect was reversed by propranolol (10–8 M) (Figure 5).

Figure 1. �Flow cytometric analysis of human basophils: (A) 
percentage of activated basophils under basal conditions, 
(B) activated basophils after treatment with anti-
IgE antibodies (1 µg/ml), (C) activated basophils after 
treatment with anti-IgE antibodies (1 µg/ml) and 
adrenaline at 10–30 TMC.

A

C

B

D
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CD203c antigen, a glycosylated type II trans-membrane pro-
tein belonging to the family of ectonucleotide pyrophospha-
tase/phosphodiesterase enzymes, is located within the cyto-
plasmic granules and appears on the outer membrane only 
upon activation. According to current evidence, CD203c is 
more specific to basophils than CD63, which is also expressed 

by platelets and macrophages [15–17]. Figure 6 shows a 
sharp increase in the percentage of cells expressing CD203c 
after antigen challenge. Pre-incubation with adrenaline at 
doses in the range of 10–8 to 10–12 M blocks the expression 
of this activation marker and the block is still evident and 
significant at doses lower than 10–12 M.
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Figure 2. �Effect of pre-incubation with adrenaline 

at ultramolecular dilutions on anti-IgE 
(1 µg/ml)-induced histamine release. 
Data are reported as means ±SEM for 
six experiments. Using the Kruskal-
Wallis test, significant differences could 
be found with the control histamine 
release (p=0.01). Adrenaline dilutions 
are expressed as centesimal dilutions 
(Cd) and as the corresponding theoretical 
molar concentrations (TMC).
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Figure 3. �Basophil activation assessed by the 
percentage of cells expressing CD63 
after incubation with anti-IgE (1 
µg/ml) in control cells () and in cells 
pre-incubated with adrenaline at 
pharmacological concentrations (; 
10–2/10–12 M) and at ultramolecular 
dilutions (; <10–12 M). Adrenaline 
dilutions are expressed as centesimal 
(Hahnemannian) dilutions (Cd) and as 
the corresponding theoretical molar 
concentrations (TMC). The data reported 
here concern 12 experiments performed 
in duplicate. Using the Kruskal-Wallis 
test there were significant differences 
between adrenaline and control 
(p≥0.001)

Ce
ll e

xp
res

sio
n C

D6
3, 

%

40

30

25

10

0 Centesimal
dilutions (Cd)
TMC

N=3

Anti Ige 1 µg/ml

Anti Ige 1 µg/ml + Adrenaline or histamine dilutions

Anti Ige
Histamine 
Adrenaline

14
10-28 10-30 10-32 10-34 10-36

15 16 17 18

Figure 4. �Basophil activation assessed by the 
percentage of cells expressing CD63 
after incubation with anti-IgE (1 µg/
ml) in control cells and in cells pre-
incubated with ultra-molecular dilutions 
of histamine (striped bars) and of 
adrenaline (open bars). Centesimal 
dilutions (Cd) and theoretical molar 
concentrations (TMC) are given. The data 
reported here concern three experiments 
performed in duplicate. Using the 
Kruskal-Wallis test there were significant 
differences from control (p≥0.001). Data 
for histamine are taken from Belon et al. 
2004 [8].

Basic Research Med Sci Monit, 2010; 16(7): BR227-232

BR230

Electronic PDF security powered by ISL-science.com

Th
is 

co
py

 is
 fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 T

hi
s c

op
y 

is 
fo

r p
er

so
na

l u
se

 o
nl

y 
- d

ist
rib

ut
io

n 
pr

oh
ib

ite
d.

    
 



PERSONAL U
SE

ONLY
Discussion

Measurement of the expressions of CD63 and CD203c by 
flow cytometry on circulating basophil also known as the 
Basophil Activation Test (BAT) has been proposed as a nov-
el in vitro test for allergy of the immediate type and is pres-
ently considered a very reliable in vitro test for monitoring 
wasp venom [11,15] and amoxicillin allergy [17]. In circu-
lating basophils, over-expression of the activation markers 
CD63 and CD203c is functionally coupled with the release 
of histamine in response to anti-IgE antibodies and there-
fore the BAT is useful in evaluating the effects of substances 
known to modulate the allergic response [18,19]. By using 
the BAT we have shown that ultra-low doses of adrenaline 
significantly reduce the antigenically induced release of his-
tamine by human basophils from atopic donors in a dilution-
independent manner. More importantly, the experiments 
reported herein show that basophil activation in the BAT 
test is independent of the adrenaline dilution used and was 
always reversed by the beta blocker propranolol (Figure 5). 
Furthermore, the present experiments also shows that the 
inhibiting effect of ultra-low doses of adrenaline is compa-
rable to that induced by ultra-low doses of histamine in the 

same experimental setting [5,6,11]. Therefore it can be ar-
gued that under conditions such as stress, inflammation, 
anaphylaxis, and asthma, adrenaline and histamine could 
exert a negative feedback on basophil activation, both at 
pharmacological concentrations and at ultra-low doses.

The effects of pharmacological doses of adrenaline on ba-
sophils are due to the interaction of the molecule with be-
ta-adrenoceptors on the cell membrane. The same does not 
apply, however, to the ultra-low doses used in the present in-
vestigation. Moreover, the inhibiting effect of ultra-low dos-
es of adrenaline does not follow either the classical pattern 
of the dose-effect relationship or that of the hormetic dose-
response curve [20]. Equally unexplainable seems to be the 
reversal of the inhibition induced by a beta-blocker in the 
case of ultra-low doses of adrenaline. A tentative explana-
tion of the results of our investigation would be that the in-
hibiting effects of ultra-low doses of adrenaline on basophil 
activation could be produced in a still unknown receptor-
independent way. Within this view it would be of interest to 
know whether ultra-low doses of adrenaline would actual-
ly increase the intracellular levels of cyclic 3–5-AMP in hu-
man basophils and whether the increase in cyclic 3–5 AMP 
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Figure 5. �Effect of pre-incubation with the beta-
receptor blocker propranolol (10–8 M) 
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of basophils induced by conventional 
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ultramolecular dilutions of adrenaline 
(beyond 10–14 M). Activation of basophils 
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could be abrogated by propranolol through an alternative 
receptor-independent pathway.

The hormetic dose-response curve [19] has taught us that 
many drugs have a certain effect at pharmacological con-
centrations and a totally opposite effect at ultra-low doses. 
As an example, ultra-low doses of aspirin show pro-throm-
botic properties and the ability to normalize platelet func-
tion in portal hypertension [21], ultra-low doses of mor-
phine induce hyperalgesia in rats [22], and ultra-low doses 
of the narcotic antagonist naloxone (20 ng intrathechally) 
paradoxically enhance analgesia induced by morphine (2 
μg intrathechally) in patients with severe back pain [23]. 
Moreover, as has been shown, an oral formulation that com-
bines oxycodone (doses between 2.5 and 40 μg) and the 
narcotic antagonist naltrexone (1 μg) is superior to both 
oxycodone alone and placebo in the amount and quality 
of analgesia obtained in patients with severe osteoarthrit-
ic pain [24]. Finally, it has been shown that ultra-low dos-
es of opioid receptor antagonist in conjunction with very 
low doses of cannabinoids may provide a potent strategy to 
modulate seizure susceptibility [25]. The above are only a 
few of the literature reports showing the effectiveness of ul-
tra-low doses of drugs.

Conclusions

It is conceivable that ultra-low doses (ranging from ng to 
μg/kg), when distributed in an average body mass of about 
70 kg, would reach the receptor area as ultra-high dilutions, 
thus implying the possibility that ultra-low doses may still be 
active at infinitesimal concentrations in selected individuals. 
Further investigations in this field are highly recommended.
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