Influence of oral calcium medication
resistance in the nasal allergen
provocation
test

on nasal

Claus Bachert, MD.” Sabine Drechsler,b Ulrich Hauser,” Waiter
and Dieter Welzel, MDb Dusseldorf and Niirnberg,
Germany

Imhoff,

MD,b

Although calcium has been used for several decades to treat allergic diseases of the skin and
respiratory tract, controlled studies demonstrating the action qf oral preparations in allergic
rhinitis are lacking. This placebo-controlled,
double-blind, crossover study shows that 1000 mg
calcium administered orally sign$cantly inhibits the allergen-induced
swelling of the nasal
mucosa in the allergen provocation test. Sneezing and secretion, which are allergic symptoms,
were not reduced. This study is thehrst to confirm the positive effect oj’oral calcium on a
symptom of allergic rhinitis. (.I ALLERGY
CLIN IMMUNOL1993;91:599-604.)
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Oral calcium medication has been used for many
decades in the treatment of allergic diseases of the
respiratory tract and skin. ‘-’ The use of calcium is
based on reports of clinical experience and empirical
findings, and few clinical studies have been conducted. In view of this situation, allergy as an indication for calcium therapy has increasingly been the
subject of controversial discussion in recent years.
Calcium is of central importance in allergic reactions. The transmembrane influx of calcium is an important step in the activation and degranulation of
basophils and mast cells after cross-linking of IgE
molecules on the cell membrane.4-6 In a number of in
vitro studies on human basophils and rat mast cells it
was possible to reduce the release of histamine by
means of calcium channel blocking drugs.7-9 Recent
studies suggest that altered calcium mobilization in
respiratory tract muscle is directly implicated in the
induction of respiratory tract hyperreactivity,“‘. ” possibly caused by toxic oxygen products. ” Finally, cap-
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airway resistance

illary permeability (“vascular leakage”) is a function
of the partially calcium-dependent adhesion and contraction of endothelial cells. 13,I4
In a double-blind, placebo-controlled, crossover
study in patients with grass pollen allergy we were
able to show that 9 mmol calcium administered
intravenously significantly inhibits the increase in airway resistance versus placebo after nasal allergen
provocation.‘5 We also observed a trend toward reduction of secretion and urge to sneeze, although this
was not statistically significant. After intravenous injection of calcium, the serum calcium concentration
increased by 0.4 ? 0.05 mmol at the time of provocation. We repeated the study with oral administration of 1000 mg calcium to verify whether a less
marked increase in the serum calcium level of the kind
expected to occur after oral dosing of calcium can also
reduce the airway obstruction on allergen provocation.
This report shows that oral treatment with calcium
also significantly inhibits the increase in nasal airway
resistance after allergen provocation. The mean increase in the serum calcium level was 0.11 i 0.08
mmol; sneezing and secretion symptoms were not
significantly reduced.
MATERIAL

AND METHODS

Thirty patients (20 men and 10 women) with a history
of grass pollen allergy confirmed in a skin test were enrolled
in the study outside the pollen season. The study was designed as a placebo-controlled,
randomized, double-blind
trial with a crossover arrangement. It was conducted in
accordance with the rules of the Declaration of Helsinki and
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aDplication

was approved by the Ethical Committee of Mannheim University; the patients gave their informed written consent to
participate. Pregnant women and patients with acute symptoms of rhinitis and bronchial asthma, diseasesof the gastrointestinal tract, disorders of calcium and phosphate metabolism, and diseasesof the kidneys or cardiovascularsystem were excluded. The intake of any antiallergic
medication and drugs affecting the calcium metabolism was
excluded for at least 1 week before the study, with the
exception of astemizole (excluded 6 weeks before the
study).
Nasal provocation was performed at l-week intervals,
with patients being given a low-calcium diet 3 days before
each test. The tests were carried out after a standardized,
low-calcium breakfast after a 12-hour fast. The participants
received a single dose of 1000 mg calcium (4.954 gm calcium lactogluconate + 0.9 gm calcium carbonate) or placebo as an effervescent tablet in 200 ml of water, and blood
samples were taken to determine the serum calcium level
before and 60, 90, and 120 minutes after the medication.
Ninety minutes after intake the patients were challenged
with increasingconcentrations of a highly purified, freezedried, six-grass extract (Allergopharma, Reinbek, Hamburg, Germany): 3125, 6250, 12,500, 25,000, 50,000, and
100,000 BU/ml (biological units per ml). The provocation
solution was applied to the head of the inferior turbinate on
the side of the nose, with the lower initial airway resistance
measuredby means of a metered pump spray under speculum observation (two metered dosesof 0.04 ml each). The
nasal airway resistance was measured by active anterior
rhinomanometry before and 10 minutes after provocation
by means of an MP 441 Rhinomanometer (Allergopharma,
Reinbek) following the guidelines of the International Standardization Committee for Rhinomanometry.‘6 The study
target variable was a 40% reduction of the nasal flow value
at 150 Pa, representinga 66% increaseof unilateral airway
resistance.At the same time, the symptoms of allergic rhinitis were quantified by means of a symptom score (maximum 11 points, 0 to 3 points each for sneezing, secretion,
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in 27 patients

and obstruction, 1 point for accompanying conjunctival or
pharyngeal reaction).
Serum calcium was determined on a Hitachi 717 Autoanalyser(Hitachi Medical Corp., Tokyo, Japan)following
the manufacturer’s operating instructions.
The study was analyzed statistically in accordancewith
the crossovermodel of Lehmacher.”
In addition to confirmatory analysisof the main end point
“allergen concentration,” an exploratory analysis was performed for the effect on the symptoms of rhinitis.
For clearer presentation of the results, the calculations
were performed with the decimal logarithm of the allergen
concentration. To eliminate intraindividual differences between the two examinations and similar period effects, the
difference examination 1 - examination 2 was calculated
for both sequencesand compared by means of the twosample t test at (Y = 0.05. To test residual effects, the sum
of examination 1 + examination 2 was assessedfor both
sequencesby means of the two-sample t test at a two-sided
a = 0.05. In a similar manner the secondarytarget variable
“symptoms of rhinitis” was subjectedto exploratory analysis
by means of the two-sample Wilcoxon U test for tied
samples.
RESULTS
Patients. Twenty-seven of the 30 patients recruited
were included in the final analysis. The reasons for
classification as dropouts were the following: lacking
compliance, absence of flow reduction after provocation, and incomplete documentation. The three
dropouts are included in the sample description but
were eliminated from the analysis of efficacy. Fourteen subjects received calcium, and 13 received placebo treatment first.
The patients were between 18 and 3 1 years of age
(mean, 24.63 k 3.26 years) and had had allergic rhinitis for a mean 10.8 ? 0.6 years. In the 2 years
before the study allergic symptoms occurred on av-
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2. Allergen concentrations (BU/ml) needed for 40% reduction of nasal flow after oral application of calcium or placebo in 27 patients (crossover design). Difference between both groups
is statistically significant (p < 0.05).

FIG.

erage during 3.2 & 0.9 months, and two thirds of the
patients had further allergic disorders. No significant
differences were observed between the treatment
groups for any of the variables mentioned.
Serum calcium concentration. The baseline calcium
values were 2.42 + 0.08 mmol before administration of calcium and 2.40 + 0.08 mmol before
treatment with placebo (NS).
All three measurements (60, 90, and 120 minutes)
revealed that oral administration of calcium had led
to a significant increase in the serum calcium concentration to a peak level of 2.53 -+ 0.08 mmol
after 120 minutes, whereas after placebo no significant
changes occurred in serum calcium (Fig. I).
Therefore at the time nasal provocation was performed, increased serum calcium concentrations after
calcium medication were present, compared with
placebo.
Flow reduction. The criterion of a 40% reduction
of nasal flow was already reached in 24 of 27 subjects,
with placebo medication at 3125 (n = 8) or 6250
(n = 16) BUlml, whereas with calcium treatment
these concentrations led to a positive provocation test
only 17 times (eight and nine persons, respectively).
Each of the concentration steps 12,500, 25,000, and
50,000 BUiml was reached by three subjects, and
one subject did not achieve a sufficient flow reduction
even with 100,000 BU/ml (Fig. 2). The exact values
for the allergen thresholds in nasal provocation for
40% reduction of flow for each of the 27 subjects after
placebo and after calcium treatment are given in Table
I.
An intraindividual comparison revealed that 13 subjects reached the same allergen concentration with
calcium and placebo, and that three subjects taking

TABLE 1. Allergen
concentration
thresholds
(BU/ml) for 40% reduction
of flow after
placebo and after calcium treatment
Allergen
concentration
threshold
Subject

1
3
4
9
10

11
14
15
17
21
22
26
27
30
2
5
6
7
8
13
16
18
19
23
25
28
29
Cal,

Calcium;

Sequence

CaliPla
CaliPla
CaliPla
CaliPla
CaliPla
Cal/ Pla
Cal/Pla
Cal / Pla
Cal i Pla
Cal/ Pla
Cal/Pla
CaliPla
CaliPla
Cal/ Pla
Pla/Cal
Plai Cal
Pla/Cal
Pla/ Cal
Plai Cal
Pla/ Cal
Pla/Cal
PlaiCal
PlaiCal
Pla/Cal
Plai Cal
Pla/Cal
PlaiCal
P/a. placebo.

Calcium

9375
9375
9375
3125
9375
3125

21875
46875
196875
9375
9375
46875
21875
46875
9375
3125
3125
9375
96875
3125
96875
21875
9375
3125
96875
9375
3125

Placebo

937.5
9375
21875
3125
9375
3125
9375
21875
96875
3125
3125
9375
3125
9375
9375
3125
3125
9375
9375
3125
9375
9375
9375
9375
9375
9375
3125
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placebo and 11 subjects taking calcium required a
higher allergen concentration. A statistically significant difference (p < 0.05) in favor of calcium was
found between the allergen concentrations reached
with calcium and concentrations reached with placebo
(Fig. 2). With calcium therapy the allergen concentration required for flow reduction was 0.22 log units,
that is, 66% higher. Assuming a flow reduction of
50% as criterion, an even greater difference was evident at the p < 0.01 level, where the superiority of
calcium over placebo represented an increase in the
allergen concentration of 74%.
In contrast, no significant differences between
the treatment and placebo group were detected for
any of the rhinitis symptoms, either singly or collectively.
Adverse

effects

Four patients reported adverse effects such as tiredness, nausea, sensation of warmth on physical effort,
or diarrhea, although a relationship between the symptom (diarrhea) and intake of calcium was assumed to
be present in only one case. The study was not discontinued in any of the patients as a result of the
documented side effects. Therefore with one inconclusive exception the tolerability of the calcium medication was very good.
DISCUSSION
In this placebo-controlled, double-blind, crossover
study in patients with grass pollen allergy we were
able to show for the first time that the oral administration of calcium significantly reduces the swelling
of the nasal mucosa after nasal allergen challenge.
This project therefore confirms a recently published
study of similar structure performed with intravenous
dosing of calcium. I5 Administered orally, calcium acts
only on the airway obstruction monitored by rhinomanometry, but not on the other nasal allergic
symptoms.
Nasal provocation testing was performed according
to the guidelines of the German Society of Allergy
and Immunology Research, ‘* with a 40% reduction of
the unilateral nasal flow value at 150 Pa as study target
variable. In this challenge model unilateral provocation is preferred to bilateral to reduce patients’ impairment, increase safety, and keep the unexposed side
open for active anterior rhinomanometry of the challenged nostril. However, we have to bear in mind that
nasal cycling may lead to misinterpretation of a nonspecific reaction as allergic. In this study reductions
of nasal flow were paralleled by increased symptoms,
indicating the specificity of these reactions. Furthermore, with the crossover design of the study the pos-
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sible effects of nasal cycling would affect both groups
the same way.
Although calcium belonged to the standard therapeutic repertoire for allergic diseases in the 1920s
and 1930s and is still widely used in the German
speaking countries, only a small number of controlled
studies, some of them contradictory, have been devoted to examining the effect of calcium on the skin.
For example, a double-blind, crossover study with the
antihistamine drug clemastine versus clemastine and
500 mg calcium orally showed that calcium additionally reduces histamine-induced erythema of the skin
up to 9 hours after medication.’ A controlled study
on the effect of oral calcium in allergic rhinitis has
so far not been described.
The degranulation of human mast cells and basophils is associated with an increase of the intracellular
calcium concentration, with intracellular calcium
stores being depleted in a first phase, and extracellular
calcium ions flowing through membrane channels into
the cell in a second phase.4 From this it has been
concluded that preventing the influx of calcium into
the mediator cell is an essential therapeutic goal of
antiallergic medication7 In past years it has also been
reported that calcium channel blockers can exert protective effects in the presence of allergic reactions in
animals and human beings.7-9 Two different types of
calcium channels have been described, and the receptor-controlled calcium channel has been claimed
to be implicated in the release of histamine from the
human basophil granulocyte.5 Cromoglycate, a compound of recognized antiallergic efficacy, has also
been claimed to prevent the inward movement of calcium through binding to specific membrane proteins.
From these findings it would follow that administration of calcium and the consequent increase of extracellular calcium levels would increase the release of
histamine from basophils and mast cells in response
to various stimuli. However, it has been reported that
both the reduced and the supramaximal concentration
of extracellular calcium reduces the secretory response
of peritoneal rat mast cells.‘9-2’ Pearcezoassumes that
superficial calcium stores in the membrane regulate
the influx of the cation into the cytosol of the cell.
With high extracellular calcium levels, the cell membrane may be stabilized and the exocytosis of the cell
granules prevented.
Extracellular calcium is capable of reducing the
release of histamine induced by compound 48180 in
the rat mast ce11.6It has also been shown that dextraninduced release of histamine in peritoneal rat cells can
be suppressed by high extracellular calcium levels.**
An effect of this kind has also been described for
human peripheral leucocytes: peripheral leukocytes of
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patients with urticaria, pollinosis, and psoriasis were
stimulated with anti-IgE and the calcium ionophore
A23187, after which the release of histamine was
reduced in a dose-dependent manner by the increase
in the extracellular calcium leveLz3 When extrapolating these results to our study, however, two points
should be borne in mind: First, the increase of the
serum calcium level by 0.1 mmol after oral intake
remains within the physiologic limits for serum calcium concentration (which is an important criterion
for safety of therapy). It has been shown that this
increase influences hormonal regulation (parathyroid
hormone secretion) in a remarkable manner and so
has more implications than just adding to the body
calcium,24 but still the increase of extracellular calcium in the tissue is expected to be low.
Second, stabilization of the mast cells and an associated reduction of histamine release should also
lead to a reduction of sneezing and secretion after
nasal allergen provocation.
However, we could demonstrate only a marked reduction of allergen-induced swelling of the nasal mucosa. Therefore it seems unlikely that the antiallergic
effect of calcium primarily derives from stabilization
of the mediator cells.
Finally, calcium has a nonspecific effect on the
membrane permeability of endothelial cells and on
capillary permeability, the latter depending on the contraction of the endothelial cells and the function of
the occluding junctions.25. I6 In addition to a calciumindependent mechanism, there is also a calcium-dependent mechanism for the intercellular adhesion of
endothelial cells, which is specifically inhibited by
monoclonal antibodies.27 Perfusion of cornea1 endothelium with a calcium-free or low-calcium medium
leads to a reversible breakdown of apical junctional
complexes resulting in cornea1 swelling.” An increase
of extracellular calcium lowers the permeability of the
vascular endothelium in the main capillaries of the rat
and also reduces the response to histamine, serotonin,
and brad ykinin . I4 Furthermore, the addition of low
doses of calcium inhibits the formation of dextraninduced anaphylactoid edema in the rat.” This effect
of calcium on capillary permeability should at least
partially explain the reduction of the swelling of the
tissue of the nasal concha after allergen provocation,
since the transudation of serum proteins and fluid into
the mucosal tissue is reduced, and the bradykinin and
histamine-induced vasodilatation may also be partially
antagonized.
In the nasal provocation model we were able to
demonstrate a clinically relevant reduction of allergeninduced swelling. The other allergic symptoms measured by means of symptom scores such as sneezing,
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secretion, conjunctivitis, and throat irritation were not
significantly reduced. These findings are consistent
with those of the previous study with intravenous administration of calcium. Evidently intraindividual differences exist in the effect of calcium, and some patients therefore benefitted exceptionally well from the
oral calcium treatment. On the other hand, oral calcium was found to be well tolerated in this study with
a very low rate of side effects, and a similarly favorable tolerability profile is also to be expected on longterm use of the preparation.29 This could explain the
positive effect of calcium on the symptoms of patients
with allergic diseases of the respiratory tract and skin
frequently observed in clinical trials. It may also be
assumed that long-term therapy with oral calcium
preparations over several weeks, for example, in patients with seasonal allergic rhinitis, could petmanently reduce nasal obstruction. Since antihistamines
in particular do not adequately act on this symptom,
a combination with an oral calcium preparation would
appear suitable. As might be expected, this combination causes fewer side effects than the combination
of an antihistamine with a-sympathomimetics, use of
which is not recommended for longer than 2 weeks.
A controlled study on the effect of long-term oral
calcium medication on symptoms of allergic rhinitis
has not yet been conducted.
In this double-blind, placebo-controlled, crossover
study we were able to demonstrate that oral calcium
reduces a major symptom of the allergic nasal reaction. Further studies are needed to define the nature
of the pharmacodynamic effect and explore the action
of long-term oral medication in seasonal and perennial
symptoms of rhinitis.
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