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Proposed short-term model of acute allergic response,  
without adjuvant use, in the lungs of mice*
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Abstract
Objective: To determine whether a short-term protocol using subcutaneous sensitization with ovalbumin, 
without the use of adjuvants, would induce an eosinophilic response in the lungs of mice similar to that observed 
in previous, well-established protocols. Methods: Adult female BALB/c mice were randomized and divided 
into groups according to the number of sensitizations with ovalbumin and the number/dosage of intranasal 
ovalbumin challenges. The short-term protocol (10 days) consisted of one sensitization with ovalbumin and three 
ovalbumin challenges (100 µg). Total and differential cell counts in BAL fluid, levels of eosinophil peroxidase 
in lung tissue, and histopathological examination of the lungs were performed 24 h after the last ovalbumin 
challenge. Results: No significant differences were found among the groups regarding the variables studied. 
The short-term protocol, as well as the other protocols studied, induced an eosinophilic response similar to that 
obtained in the positive control. Conclusions: Subcutaneous sensitization with ovalbumin and without the use 
of adjuvants resulted in a significant allergic response in the lungs of mice, even in the short-term protocol 
group. Our findings suggest that this short-term protocol can be used as a first-line pre-clinical test for the 
study of new medications, reducing the costs and observation periods.
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Resumo
Objetivo: Determinar se um protocolo curto de sensibilização com ovalbumina subcutânea, sem adjuvante, 
induziria uma resposta pulmonar eosinofílica em pulmões de camundongos similar àquela encontrada em 
protocolos previamente estabelecidos. Métodos: Fêmeas adultas de camundongos BALB/c foram randomizadas 
e divididas em grupos de acordo com o número de sensibilizações com ovalbumina e o número/dosagem de 
provocação intranasal. O protocolo curto (10 dias) consistiu de uma sensibilização e três provocações com 
ovalbumina (100 µg). A contagem total e diferencial de células no lavado broncoalveolar, o nível de peroxidase 
eosinofílica no tecido pulmonar e o exame histopatológico dos pulmões foram realizados 24 h após a última 
provocação. Resultados: Não houve diferenças significativas entre os grupos em relação às variáveis estudadas. 
O protocolo curto, assim como os outros protocolos estudados, induziu uma resposta eosinofílica pulmonar 
semelhante àquela do grupo controle positivo. Conclusões: A sensibilização por ovalbumina subcutânea sem 
o uso de adjuvante resultou em uma significativa resposta pulmonar alérgica em ratos, mesmo no grupo de 
protocolo curto. Nossos achados sugerem que esse protocolo curto pode ser utilizado como teste pré-clínico 
de primeira linha para a pesquisa de novos fármacos, reduzindo custos e o tempo de observação.
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days apart, and the protocol remained too long. 
To date, there have been no studies testing 
short-term protocols for use in murine models of 
asthma, particularly without the use adjuvants. 
If proven viable, this type of model would be an 
interesting means to evaluate, preliminarily, new 
therapies for asthma, particularly those related 
to an eosinophilic response in the lungs, such 
a response being a key outcome in therapeutic 
targets of atopic asthma. In the pharmaceutical 
industry setting, long-term protocols have been a 
significant limitation in the study of new drugs.(8)

Therefore, the objective of the present study 
was to find alternative protocols for animal models 
of asthma, i.e., protocols that are shorter and 
less artificial. A 10-day protocol with only one 
subcutaneous sensitization with ovalbumin and 
without the use of adjuvants was compared with 
standard protocols described in previous studies.

Methods

A total of 44 isogenic BALB/c mice (adult 
females 6-8 weeks of age) were obtained from 
the Rio Grande do Sul State Foundation for 
Health Science Research. The animals were fed 
a balanced chow diet and had ad libitum access 
to water, being housed in cages and maintained 
on a 12/12-h light/dark cycle. The animals were 
divided into the following groups:

•	five study groups of 7 animals each, in 
which different models of induction of an 
allergic response in the lungs were tested

•	one positive control (C+) group of 5 animals
•	one	negative	control	(C−)	group	of	4	animals
The groups were classified according to the type 

of sensitization (intraperitoneal or subcutaneous 
sensitization with ovalbumin, with or without the 
use of adjuvants), the number of sensitizations 
(one or two), the number of intranasal ovalbumin 
challenges (two or three), the dosage of intranasal 
ovalbumin challenge (40 µg or 100 µg), and the 
observation period (21 or 10 days). The control 
groups were observed for 28 days.

Sensitization with ovalbumin and intranasal 
ovalbumin challenge were performed with total 
volumes of 200 µL and 50 µL, respectively, diluted 
in Dulbecco’s PBS (DPBS). The dose of ovalbumin 
used for sensitization was 20 µg in all groups 
except	the	C−	group.	For	intranasal	ovalbumin	
challenge, the animals were anesthetized with 
isoflurane in an anesthesia chamber to allow 
pulmonary aspiration.

Introduction

Asthma is a chronic lower airway disease 
that affects approximately 300 million people 
worldwide, resulting in high morbidity and 
substantial costs to society. Asthma is characterized 
by infiltration of CD4+ Th2 cells and eosinophils 
in the airways, associated with production of 
allergen-specific IgE.(1) In the study of new 
therapies for asthma, as well as for a better 
understanding of the pathophysiology of the 
disease, animal models have been used for 
decades.(2) Murine models involving systemic 
sensitization to antigens, with subsequent airway 
challenge, have been developed in order to trigger 
an allergic response in the lungs similar to that 
of asthma.(3) These models are still the most 
commonly used in experimental asthma research, 
despite some recent criticisms of factors related 
to current animal models of asthma, which do 
not develop phenotypic characteristics similar 
to those of asthma in humans.(4)

Among the animals studied, isogenic mice are 
the most popular, because they are inexpensive, 
there is detailed knowledge of their genetics, and 
there is a clear Th2 immune response in their 
lungs when they are exposed to specific allergens.
(3) Classically, BALB/c mice are intraperitoneally 
sensitized with ovalbumin twice, 14 days apart, 
together with an adjuvant, i.e., aluminum hydroxide 
(alum); although this method is routinely used, 
it is an artificial way of boosting the allergic 
response in the lungs.(5) In the literature, this has 
been the standard protocol most commonly used 
as a murine model of asthma. Overcoming two 
frequently reported limitations (use of adjuvants 
and prolonged protocol duration) would be 
attractive for performing murine models of 
asthma that are more sophisticated, especially 
in pre-clinical testing of new drugs.

In an attempt to find an alternative to the 
use of adjuvants in murine models of asthma, 
Conrad et al. have recently demonstrated that 
subcutaneous sensitization with ovalbumin, 
without the use of adjuvants, results in an allergic 
response in the lungs similar to that observed 
in previously, well-established protocols.(6,7) The 
results of that study allow the exclusion of the 
use of adjuvants in murine models of asthma in 
future studies; the artificial way in which asthma is 
currently studied in animal models, with the use of 
adjuvants, has been justifiably criticized. However, 
in that study, there were three sensitizations, 7 
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disposed of in accordance with the norms of 
the institution.

The BAL fluid was weighed and centrifuged 
at 1,500 rpm for 10 min at 4°C. The precipitate 
was resuspended in 1 mL of DPBS. For all 
samples, total cell count and cell viability in 
the suspension were determined by the trypan 
blue exclusion test with a Neubauer chamber 
(BOECO, Hamburg, Germany). For the differential 
cytologic analysis, the precipitate suspension (30 g) 
was placed in a cytospin centrifuge for 5 min. 
The cells were analyzed for their morphology 
by the May-Grünwald-Giemsa method. The cell 
types observed under an optical microscope are 
expressed as percentages, after the counting of 
200 cells.

After BAL and lung resection, we used ortho-
phenylenediamine (a chromogenic substrate) 
in order to produce a chemical reaction and 
measure eosinophil activity in lung tissue. As 
demonstrated by Strath et al.,(9) this method 
allows us to quantify eosinophil activity on 
the basis of the eosinophil peroxidase (EPO) 
reaction, by measuring optical absorbance, without 
interference from other peroxidases that might 
be present in the tissue analyzed. In brief, lung 
tissue fragments were frozen and thawed three 
times in liquid nitrogen. After centrifugation 
for 10 min at 4°C, the supernatant was serially 
diluted five times in 96-well plates (50 µL/well). 
Subsequently, 100 mL of substrate (1.5 mM 
ortho-phenylenediamine and 6.6 mM hydrogen 
peroxide diluted in 0.05 M Tris-HCl buffer, pH 8.0) 
were added. After 30 min, at room temperature, 
the reaction was stopped by the addition of 1 M 
sulfuric acid, and the absorbance of the samples 
was measured at 492 nm.

After having been removed, the lungs were 
perfused with 10% buffered formalin on a 
gravity column (20 mmHg). The specimens were 
embedded in paraffin blocks, cut into 4-µm 
sections, stained with H&E, and mounted on 
slides. In order to determine the severity of 
eosinophilic inflammation, we performed a 
qualitative assessment of bronchial inflammatory 
response under an optical microscope, by counting 
the number of eosinophils in a given field, in 
three different bronchi.

The statistical analysis was performed with 
the Statistical Package for the Social Sciences, 
version 17.0 (SPSS Inc., Chicago, IL, USA). After 
descriptive analysis of the variables, we used the 

The animals in the study groups underwent 
the following:

•	2sc2in-100 group—two subcutaneous 
sensitizations with ovalbumin (days 0 and 7) 
and two intranasal ovalbumin challenges (100 
µg) on consecutive days (days 19 and 20)

•	2sc3in-100 group—two subcutaneous 
sensitizations with ovalbumin (days 0 and 7) 
and three intranasal ovalbumin challenges 
(100 µg) on consecutive days (days 18, 
19, and 20)

•	2sc3in-40 group—two subcutaneous 
sensitizations with ovalbumin (days 0 and 7) 
and three intranasal ovalbumin challenges 
(40 µg) on consecutive days (days 18, 19, 
and 20)

•	2sc2in-40 group—two subcutaneous 
sensitizations with ovalbumin (days 0 and 
7) and two intranasal ovalbumin challenges 
(40 µg) on consecutive days (days 19 and 20)

•	1sc3in-100 group (with a short observation 
period, which was the primary objective 
of the present study)—one subcutaneous 
sensitization with ovalbumin (day 0) and 
three intranasal ovalbumin challenges (100 
µg) on consecutive days (days 7, 8, and 9)

The first four groups were observed for 21 
days, whereas the 1sc3in-100 group was observed 
for 10 days (short-term protocol).

The animals in the control groups underwent 
the following:

•	C+ group: two intraperitoneal sensitizations 
with 1 mg of ovalbumin + alum (days 0 
and 14) and three intranasal ovalbumin 
challenges (100 µg) on consecutive days 
(days 25, 26, and 27)

•	C−	group:	two	subcutaneous	administrations	
of DPBS (days 0 and 14) and three intranasal 
instillations of DPBS on consecutive days 
(days 25, 26, and 27)

The protocols are shown in Figure 1.
For BAL, the animals were anesthetized with 

a solution of xylazine (100 mg/mL) and ketamine 
(100 mg/mL), at a ratio of 1:9 (dose, 0.1 mL), 
and the trachea was cannulated with a blunt 
needle. A DPBS solution (1 mL) was instilled 
intratracheally and immediately aspirated. This 
procedure was performed three consecutive 
times. After the BAL procedure, the animals 
were euthanized with lethal doses of the drugs 
used for anesthesia (dose, 0.3 mL i.p.) and were 
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with adjustment for multiple comparisons. The 
level of statistical significance was set at 0.05. 
The eosinophil count in BAL fluid was used as 
the primary outcome measure because eosinophils 

Kruskal-Wallis test with Dunn’s post hoc test for 
comparisons that reached statistical significance. 
The	C−	group	was	statistically	tested	separately	
for each study group by the Mann-Whitney test, 

Figure 1 - Protocols used in order to induce an acute allergic response in the lungs of BALB/c mice. OVA: 
ovalbumin;	i.n.:	intranasal;	C−:	negative	control;	C+:	positive	control;	DPBS:	Dulbecco’s	PBS;	and	alum:	
aluminum hydroxide. Groups: 2sc2in-100: two subcutaneous sensitizations with ovalbumin and two intranasal 
challenges with ovalbumin (100 µg) on consecutive days; 2sc3in-100: two subcutaneous sensitizations with 
ovalbumin and three intranasal challenges with ovalbumin (100 µg) on consecutive days; 2sc3in-40: two 
subcutaneous sensitizations with ovalbumin and three intranasal challenges with ovalbumin (40 µg) on 
consecutive days; 2sc2in-40, two subcutaneous sensitizations with ovalbumin and two intranasal challenges 
with ovalbumin (40 µg) on consecutive days; and 1sc3in-100: one subcutaneous sensitization with ovalbumin 
and three intranasal challenges with ovalbumin (100 µg) on consecutive days.
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Histological examination revealed intense 
peribronchovascular inflammatory infiltrates in 
all groups, with a predominance of lymphocytes 
and the presence of more than 100 peribronchial 
eosinophils per field. The anatomy of the animals in 
the	C−	group	was	preserved,	without	inflammatory	
changes, a finding that is characteristic of healthy 
animals. From a histological standpoint, there 
was no difference in the severity of pulmonary 
inflammation among the groups, including 
the group undergoing the short-term protocol 
(Figure 3). Analysis of EPO levels in lung tissue, 
which reflect eosinophil activity in the lungs, 
revealed no differences among the groups studied 
(Figure 4).

Discussion

Animal models of asthma with shorter-term 
protocols and without the use of adjuvants seem 
to be an attractive alternative for experimental 
studies of asthma in certain situations. Using 
the outcome variables that are more directly 
related to the presence and activity of eosinophils 
in the lung, we compared different groups of 
BALB/c mice sensitized with ovalbumin and found 
no significant differences among the different 
protocols studied, including a short-term (10-day) 
protocol.

The most important finding of the present 
study, especially if we take into consideration 
that no adjuvants were used, is that there were 
no differences among the protocols despite their 
differences in duration (10, 21, or 28 days). We 
demonstrated for the first time that a shorter-
term protocol, without the use of adjuvants, 
can induce an allergic response in the lungs of 
mice similar to that observed in previous, well-
established protocols. The use of a 10-day protocol 
inducing the same eosinophilic response in the 
lungs as that observed in previous, longer-term 
protocols widely used in the literature can facilitate 
pre-clinical trials (particularly those investigating 
new therapeutic targets), reducing the costs 
and the duration of experiments. In addition, 
shorter-term protocols are in accordance with 
all ethical principles currently guiding the use of 
animals in research, reducing the duration of the 
experimental procedures that animals undergo. 
There were no significant differences between 
the short-term protocol tested in the present 
study and the protocol used in the C+ group in 
terms of total cell counts and eosinophil counts 

are the most important immune effector cells 
in this experimental model.

The sample size was calculated at 7 animals 
per study group. This calculation was based on 
the following: absolute eosinophil count in BAL 
fluid for a mean of 0.7 × 106 cells/mL as the 
primary outcome measure; a standard deviation 
of 0.34; a value of p = 0.05; and a power of 
80%, the difference among the means for the 
groups having been estimated at 80%.

The present study was approved by the 
local animal research ethics committee and was 
conducted in accordance with current ethical 
norms for animal model research, following 
the guidelines of the Brazilian Association for 
Laboratory Animal Science, using as few animals 
as possible, and managing pain and suffering 
during all procedures, including euthanasia.

Results

In the present study, models that induce an 
acute allergic response in the lungs of mice by 
using subcutaneous sensitization with ovalbumin 
and different numbers and doses of intranasal 
ovalbumin challenges were compared with one 
another and with the traditional model (C+ 
group). The primary goal of the study was to 
determine whether the use of a short-term (10-day) 
protocol consisting of one sensitization would 
induce an allergic response in the lungs similar 
to that observed in standard protocols in the 
literature. The mean BAL fluid return volume for 
all animals was 0.55 ± 0.15 mL, and the mean 
cell viability was 100%. The mean eosinophil 
count	in	the	C−	and	C+	groups	was	2.5	±	3.0%	
and 40.1 ± 10.0%, respectively.

There were no significant differences between 
the study groups and the C+ group regarding total 
cell count (p = 0.1), lymphocyte count (p = 0.36), 
macrophage count (p = 0.24), or neutrophil 
count (p = 0.059) in BAL fluid. The eosinophil 
count was higher in the 2sc3in-40 group than 
in the 2sc2in-40 group (p = 0.032; Figure 2). 
There were no significant differences in cellular 
inflammatory response in the lungs between the 
animals undergoing the short-term protocol, 
without the use of adjuvants, and those 
undergoing the 21-day protocol that is widely 
used in animal models of asthma. In comparison 
with	the	C−	group,	the	study	groups	showed	
significantly higher total and differential cell 
counts (p < 0.05).
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Figure 2 - Comparison of total and differential cell counts in BAL fluid (in absolute numbers and percentages) 
among the groups studied. The Kruskal-Wallis test (with Dunn’s post hoc test) was used. *p < 0.05. In order 
to compare the study groups with the negative control group, we used the Mann-Whitney test corrected for 
multiple comparisons (p = 0.035). The values for all variables were significantly higher in the study groups 
than in the negative control group. TCC: total cell count; and BALF: BAL fluid. Groups: 2sc2in-100: two 
subcutaneous sensitizations with ovalbumin and two intranasal challenges with ovalbumin (100 µg) on 
consecutive days; 2sc3in-100: two subcutaneous sensitizations with ovalbumin and three intranasal challenges 
with ovalbumin (100 µg) on consecutive days; 2sc3in-40: two subcutaneous sensitizations with ovalbumin 
and three intranasal challenges with ovalbumin (40 µg) on consecutive days; 2sc2in-40: two subcutaneous 
sensitizations with ovalbumin and two intranasal challenges with ovalbumin (40 µg) on consecutive days; 
1sc3in-100: one subcutaneous sensitization with ovalbumin and three intranasal challenges with ovalbumin 
(100	µg)	on	consecutive	days;	C−:	negative	control;	and	C+:	positive	control.
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Figure 3 - Histological examination of the lungs of the mice in the groups studied: 2sc2in-40 group 
(in A); 2sc2in-100 group (in B); 2sc3in-40 group (in C); 2sc3in-100 group (in D); short-term protocol 
group	(in	E);	C+	group	(in	F);	and	C−	group	(in	G).	Presence	of	an	intense	peribronchial	and	perivascular	
inflammatory infiltrate (A-F, black arrows) in all sensitized groups. The short-term protocol group (in 
E) has histopathological changes similar to those found in the other sensitized groups. Histology of the 
lungs	of	the	animals	in	the	C−	group	(in	G)	shows	bronchi	with	normal	wall	thickness,	vessels	containing	
normally distributed perivascular lymphoid aggregates, and permeability and aeration of the alveolar space 
(H&E; magnification, ×100). In the peribronchovascular cell infiltrates (black arrows), there are more than 
100 eosinophils per field in all groups, which is characteristic of an allergic response in the lungs of mice in 
these models. In the short-term protocol group (in H, light arrows), there are intense eosinophilic interstitial 
infiltrates (H&E; magnification, ×1,000). 2sc2in-100: two subcutaneous sensitizations with ovalbumin and two 
intranasal ovalbumin challenges (100 µg) on consecutive days; 2sc3in-100: two subcutaneous sensitizations 
with ovalbumin and three intranasal ovalbumin challenges (100 µg) on consecutive days; 2sc3in-40: two 
subcutaneous sensitizations with ovalbumin and three intranasal ovalbumin challenges (40 µg) on consecutive 
days; 2sc2in-40: two subcutaneous sensitizations with ovalbumin and two intranasal ovalbumin challenges 
(40	µg)	on	consecutive	days;	C−:	negative	control;	and	C+:	positive	control.
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In 2004, Cates et al. conducted a study 
involving a short-term (10-day) protocol of 
sensitization with house dust mites (HDM) and 
demonstrated eosinophilic inflammation in the 
lungs of mice, as well as increased expression of 
Th2 effector cells (CD3+, CD4+, and T1/ST2+), 
together with increased levels of total IgE and 
HDM-specific IgG1.(12) The results of that study 
and those of our study demonstrate that it is 
possible to perform a short-term (10-day) protocol 
using either ovalbumin or HDM.

Various authors have criticized the use of alum 
in murine models of asthma because alum is an 
artificial substance for the induction of an immune 
response, inducing pro-inflammatory cytokine 
production and activating Th2 lymphocytes.(5,13,14) 
Alum also activates the immune system via 
dendritic cell maturation and by co-stimulation 
of expression molecules.(15,16) In addition, alum 
has been shown to cause major stress in animals 
up to 4 h after exposure.(6) Studies in which 
alum was not used demonstrated that this 
substance is not necessary for the induction of 
an allergic response in the lungs of mice and 
that there is no difference between subcutaneous 
sensitization without the use of adjuvants and 
intraperitoneal sensitization with alum. Those 
studies, involving protocols without the use 
of adjuvants, demonstrated different levels of 

in BAL fluid or in terms of EPO levels in lung 
tissue. In addition, for the short-term protocol, 
histological examination revealed a significant 
peribronchovascular inflammatory cell infiltrate, 
with a predominance of eosinophils, with the 
same characteristics as those observed for the 
other protocols.

In 2008, Hahn & Erb published an article 
questioning the time it takes to identify and 
develop new treatments for asthma; this process 
begins with identifying a molecule and determining 
whether it is actually involved in the disease 
process, and it is followed by identification 
of the structural components and synthetic 
modification of the molecule, culminating in 
pre-clinical testing in animals.(8) In addition to this 
long and costly process, there are long periods 
of experiments in mice. It is of note that the 
results obtained with the model proposed in the 
present study are related to the analysis of acute 
response to a single allergen (i.e., ovalbumin). 
It is also of note that experimental models of 
asthma involving chronic exposure have been 
proposed and are important in the study of 
new drugs, being probably performed in a later 
sequence of experiments, when therapeutic 
targets are sought.(10,11) Shorter-term protocols 
can nevertheless be an interesting screening 
model for new therapeutic targets.

Figure 4 - Comparison of the groups in terms of eosinophil peroxidase activity in lung tissue. There were no 
statistically significant differences among the groups studied. 2sc2in-100: two subcutaneous sensitizations 
with ovalbumin and two intranasal ovalbumin challenges (100 µg) on consecutive days; 2sc3in-100: two 
subcutaneous sensitizations with ovalbumin and three intranasal ovalbumin challenges (100 µg) on consecutive 
days; 2sc3in-40: two subcutaneous sensitizations with ovalbumin and three intranasal ovalbumin challenges 
(40 µg) on consecutive days; 2sc2in-40: two subcutaneous sensitizations with ovalbumin and two intranasal 
ovalbumin challenges (40 µg) on consecutive days; 1sc3in-100: one subcutaneous sensitization with ovalbumin 
and three intranasal ovalbumin challenges (100 µg) on consecutive days; and C+: positive control.
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in Th2 immune response). Our proposed model, 
of shorter duration, can be a future option for 
pre-clinical testing and the study of therapeutic 
targets in asthma, reducing the duration and 
cost of studies, provided that new studies are 
carried out and the appropriateness of the model 
is confirmed.
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