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Abstract
The release of mediators by mast cells triggers allergic symptoms involving various physiological systems and, in the most severe

cases, the development of anaphylactic shock compromising mainly the nervous and cardiovascular systems. We aimed to

establish variables to objectively study the anaphylactic response (AR) after an oral challenge in an allergy model. Brown

Norway rats were immunized by intraperitoneal injection of ovalbumin with alum and toxin from Bordetella pertussis. Specific

immunoglobulin (Ig) E antibodies were developed in immunized animals. Forty days after immunization, the rats were orally

challenged with the allergen, and motor activity, body temperature and serum mast cell protease concentration were determined.

The anaphylaxis induced a reduction in body temperature and a decrease in the number of animal movements, which was

inversely correlated with serum mast cell protease release. In summary, motor activity is a reliable tool for assessing AR and

also an unbiased method for screening new anti-allergic drugs.
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Introduction

IgE against allergens is the antibody responsible for most
allergies. IgE coats the surface of mast cells and the subse-
quent exposure to the same allergen triggers the release of
the mast cell intragranular content � mainly histamine,
proteases and other enzymes � and later mediators such
as cytokines and leukotrienes, which lead to the allergic
manifestations. As well known, the release of mediators
produces physiological changes such as vasodilatation, an

increase in vascular permeability, and smooth muscle
contraction, which affects the skin, respiratory and gastro-
intestinal systems or even the nervous and cardiovascular
systems.1,2 The most severe form of allergic reaction is
anaphylaxis, which affects at least two organic systems,
sometimes resulting in an anaphylactic shock, which is
characterized by cardiovascular and nervous disorders
including hypotension, an increase in heart rate and hypo-
thermia, which can result in death.3,4

Animal models are extremely valuable for the assess-
ment of allergenic potential and for the screening of anti-
allergic drugs. In this context, Brown Norway (BN) rats
have been described as a high-IgE responder strain and,
to a degree, resemble atopic humans in their predisposition

to react more readily to antigens with an overproduction
of IgE.3,5,6 Anaphylaxis can be studied in rodents by mea-
suring ear-swelling response, body temperature, and respir-
ation patterns and through blood pressure monitoring,
as well as changes in the animals’ behaviour using scoring
systems or, in the most severe cases, the number of deaths.
Likewise, different mediators such as histamine or mast cell
protease release, or serum-specific IgG and IgE have been
determined.5,7 In this study, we aimed to establish an
unbiased variable that would allow us to objectively
assess the anaphylactic response (AR) after an oral chal-
lenge with ovalbumin (OVA) in BN rats, focusing on
changes in animal behaviour.

Materials and methods
Rat allergy induction and ethical approval

Three-week-old female Brown Norway (BN) rats (Janvier,
Le Genest-Saint-Isle, France) were maintained under condi-
tions of controlled temperature and humidity in a 12:12
light:dark cycle. After a one-week acclimation period,
the rats were randomized into two groups: allergy and
reference (n¼ 8 in each one). The allergy was induced
using an emulsion of ovalbumin (OVA, grade V, Madrid,

ISSN: 1535-3702 Experimental Biology and Medicine 2015; 240: 1373–1377

Copyright � 2015 by the Society for Experimental Biology and Medicine



Sigma-Aldrich, Spain) as allergen, in alum (Imject�; Pierce,
Rockford, IL, USA) as adjuvant and toxin from Bordetella
pertussis (tBp; Sigma-Aldrich) to promote IgE synthesis.8

Each rat received only one intraperitoneal (i.p.) injection
with 0.5 mL of the emulsion containing 50 mg of OVA,
50 ng of tBp, and 2.5 mg of Imject� (Figure 1a). Before this
injection and five weeks later, blood samples were collected
from the saphenous vein to determine specific IgE concen-
tration. Forty days from the beginning of the study, ana-
phylaxis was induced. Two days later, rats were sacrificed
and blood samples were obtained by heart puncture.
Experimental procedures were reviewed and approved by
the Ethical Committee for Animal Experimentation of the
University of Barcelona (ref. 359/12).

Induction of anaphylaxis

The day before anaphylaxis induction, both groups were
deprived of food overnight. The rats received 2 mL of OVA
(100 mg/mL) orally to induce an AR. Motor activity was
immediately assessed for 21 min. Rectal temperature was
determined (digital thermometer, OMRON Healthcare
Hoofddorp, the Netherlands). Blood was collected before
oral challenge and every 30 min up to 2 h post-AR induction
from the saphenous vein to determine serum rat mast cell
protease II (RMCP-II) concentration (Figure 1(b)).

Measurement of motor activity

Motor activity was measured by using individual cages in
an isolated room, with an activity meter that included two
perpendicular infrared beams, which crossed the cage 6 cm

above the floor as has been reported previously9

(Figure 1(b)). Two motor activity measures were performed:
the first (basal) 24 h before and the second immediately
after the oral challenge. Activity counts were recorded
using time frames of 1 min for 21 min. To stimulate rat
movements, 8 min after the beginning of the measurement
the lights were turned off for 5 min and then turned on until
the end of the measurement. The results refer to the move-
ments in three time phases: pre-darkness, darkness, and
post-darkness, as well as the entire period. The percentage
of motor activity decreases after AR induction was calcu-
lated with respect to the basal measurement in each studied
phase and the whole period.

Quantification of anti-OVA IgE antibodies

OVA-specific IgE concentrations were quantified in serum
samples collected before allergy induction, and five and six
weeks later by ELISA as previously described.10

Quantification of rat mast cell protease

Serum RMCP-II concentration was measured using a
commercial ELISA set (Moredun Animal Health,
Edinburgh, UK) with slight modifications. In brief, ELISA
plates were coated with anti-RMCP-II antibody (overnight,
4�C). After blocking and washing, appropriately diluted
serum samples were incubated for 3 h. After washing, per-
oxidase-conjugated anti-RMCP-II antibody was incubated
for 2 h. Finally, a 3,30,5,50-tetramethylbenzidine solution
(with H2O2) was added and the optical density (OD) was
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Figure 1 Experimental protocol. (a) Time-course of the experimental design including the points of sample collection. (b) Motor activity assessment 24 h before (day

39) and immediately after the induction of anaphylaxis (day 40) with the determinations carried out. Two kinds of infrared beams are represented: E is the emitter and R

is the receiver
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measured (microtiter plate photometer, Labsystems
Multiskan, Helsinki, Finland).

Statistical analysis

The software package IBM SPSS Statistics 20 (SPSS Inc.,
Chigago, IL, USA) was used. The Levene’s and the
Kolmogorov–Smirnov tests were applied to assess variance
equality and normal distribution, respectively. One- and
two-way ANOVA tests were used to study the effect of
group and group� time interaction, respectively. The
motor activity data were analysed by two-way ANOVA
for repeated measures considering the group (allergy
group vs. reference group) and time as the interacting fac-
tors followed by Bonferroni’s post hoc test. To evaluate the
correlation among studied variables, Pearson’s coefficient
(r) was applied. To analyse the results from anti-OVA IgE
concentration, a non-parametric test (Mann–Whitney U)
was used due to non-variance homogeneity. RMCP-II and
body temperature results were analysed by one-way
ANOVA. Differences were considered statistically signifi-
cant for p< 0.05.

Results
Serum anti-OVA IgE antibodies

Before immunization, both reference and allergy groups
had no detectable OVA-specific IgE antibodies (Figure 2).
Five weeks after immunization (before AR induction), the
allergy group had remarkable anti-OVA IgE titres
(P< 0.001), and at day 42 these values remained high.

Serum mast cell-released mediators

After AR induction, the RMCP-II concentration in reference
animals was about 1266.51�19.90 ng/mL (mean� S.E.M.).
The allergy group showed about a threefold increase in
RMCP-II concentration (4052.69� 20.48 ng/mL) compared
to that in reference animals (P< 0.0001). This increase was
already observed at 30 min post-challenge and remained for
at least 2 h (Figure 3(a)). There was a direct correlation
between the amount of RMCP-II 30 min after AS and the

concentration of specific IgE antibodies at days 35
(r¼ 0.873, P< 0.01) and 42 (r¼ 0.716, P< 0.05).

Body temperature

The body temperature in the allergy group was about 2�

lower than that of the reference group (P< 0.05) over 2 h
after AR induction (Figure 3(b)).

Motor activity

One day before AR induction, motor activity data showed
that animals from the allergy group had fewer movements
than those in the reference group throughout the whole
studied period and taking into account the three established
phases (pre-darkness, darkness and post-darkness,
P< 0.01, Figure 4a). Both groups presented the maximal
activity in the first minutes, and the longer the measure-
ment time, the quieter the animals were (P< 0.0001 for
time). There was no significant effect in the interaction
group� time.

After AR induction, both groups exhibited lower motor
activity (Figure 4(b)) than that observed in the previous

(a) (b)

Figure 3 (a) Serum RMCP-II relative concentration after AS induction in allergy (black bars) and reference (white bars) groups. Each bar represents the mean�SEM

(n¼8). (b) Body temperature after AS induction in allergy (�) and reference (�) groups. Results are expressed as mean�SEM (n¼8). *P<0.05, **P<0.0001 between

both groups

Figure 2 Serum OVA-specific IgE antibodies in allergy (black bars) and refer-

ence (white bars) groups during post-immunization period. Results are

expressed as mean�SEM (n¼8). *P< 0.001 between both groups
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measurement (Figure 4(a)). For the whole studied period and
for each established phase, the allergy group showed a
decrease in the number of movements compared to the refer-
ence group (P< 0.0001 for groups). In the pre-darkness phase
but not later, a relevant interaction group� time was
observed (P< 0.05). There was an inverse correlation between
the number of movements and the amount of RMCP-II
released 30 min after oral challenge (r¼�0.788, P< 0.01).

With regard to the percentage of motor activity decrease
after AR induction (Figure 4(c)), reference animals pre-
sented a reduction of about 40–60% whereas this reduction
was significantly higher in the animals with anaphylaxis,
which achieved a decrease of around 80% (P< 0.05 for the
entire period and the pre-darkness phase).

Discussion

In the current study, an anaphylaxis was induced in allergic
rats and this was objectively assessed by changes in rat
behaviour, such as motor activity, together with a decrease
in body temperature and the appearance of mast cell medi-
ators in serum. In Brown Norway (BN) rats, the immuniza-
tion with ovalbumin (OVA) plus adjuvant together with
toxin from Bordetella pertussis allows an allergy rat model

to be obtained that is characterized by high and permanent
serum anti-OVA IgE production as reported previously.10

After 5–6 weeks of immunization, oral administration of
high amounts of OVA could challenge an anaphylaxis that
caused changes in several physiological systems.

The anaphylaxis is a systemic response of the immune
system due to a general mast cell release of mediators and
affects multiple target organs, including the cardiovascular
and nervous systems. Systemic anaphylaxis can be moni-
tored by quantifying mast cell mediators in serum. A good
mast cell mediator in the current study, in agreement with
others,11,12 was mast cell protease II (RMCP-II). This
enzyme could be quantified in healthy animals and it
increased threefold in allergic animals, remaining for at
least 2 h after challenge. The release of mast cell mediators
produces vasodilatation and increases vascular permeabil-
ity,4 which lowers body temperature.1,3 In the current study,
mast cell degranulation in orally challenged animals could
also be assessed by means of a drop in body temperature
that lasted for at least 2 h after challenge. These results agree
with others showing the correlation between changes in
body temperature and anaphylaxis symptom scores.12

On the other hand, it has long been established that allergy
is associated with behavioural changes. Mast cells found in

(a) (b)

(c)

Figure 4 Motor activity results during the 21-min period: (a) 24 h before the AS induction; (b) immediately after AS induction; and (c) percentage of motor activity

decrease after AS induction referring to pre-darkness, darkness, post-darkness, and the whole period. Allergy group (� or black bars) and reference group (� or white

bars). Results are expressed as mean�SEM (n¼8). *P<0.05 between both groups. In (a) and (b), shadow period corresponds to darkness

1376 Experimental Biology and Medicine Volume 240 October 2015
. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .



the brain are able to regulate many physiological functions
within the central nervous system.13 In this sense, it has been
described that the allergen challenge in rodents with a
respiratory allergy induces an anxiety-like behaviour and a
reduction in social interactions.14 As a part of the evaluation
of anaphylaxis in rodents, some variables concerning animal
behaviour have been reported. Such variables include
scratching or rubbing around the nose or head, and wheezing
or abdominal cramping, which are usually evaluated by
means of scoring systems with other manual or subjective
indexes.15 These methods require the observation of each
animal and this can be subject to personal interpretation.
Here, a new system is introduced to assess an AR in rodents
that consists in recording objectively the number of move-
ments by means of an activity meter. This method allows
behaviour changes related to the reduction in activity in ana-
phylaxis-induced animals to be quantified in an objective
way. It also has the advantage of having monitored a
higher number of isolated animals at the same time.

In the current study, we aimed to quantify movements
after AR induction and, in order to establish basal data,
animal movements were recorded 24 h before the allergen
challenge. Surprisingly, we could notice that the immu-
nized animals showed fewer movements than the reference
rats even before the anaphylaxis induction. The reason of
such decrease cannot be explained from the data in the
current study, but it could be related to the relation-
ship between allergy and behaviour.13,16,17 After allergen
challenge, there was a decrease in the number of move-
ments of both reference and allergic rats compared to
those produced the day before in the same conditions.
This general decrease could be attributed to the blood
sample collection carried out minutes before oral challenge
in every animal. However, this decrease was significantly
higher in allergic rats than in non-immunized animals,
showing therefore the anaphylaxis response, and was
more patent in the first few minutes after challenge, when
animals were placed in a new cage and then explored the
new environment. The movements recorded after the ana-
phylaxis induction inversely correlate with the release of
RMCP-II from mast cells measured in samples obtained
few minutes later, suggesting that the higher the mast-cell
degranulation, the quieter the animals were.

In conclusion, this study offers a new objective variable,
motor activity, for assessing the AR in an allergy model
induced in rodents. This tool represents a reliable and
unbiased way to screen new anti-allergic drugs.
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