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Influence of chronic unpredictable stress on the allergic responses in rats
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Abstract

The effects of chronic unpredictable stress on airway leukocyte infiltration and plasma extravasation in female rats have been investigated.
The chronic stress lasted for 14 days and consisted of transitory and variable changes in the living conditions of the animals. Concomitant to
the stress procedure, the animals were sensitized (Day 0) and challenged with ovalbumin (OVA; 200 pg) at Day 14. Bronchoalveolar lavage
(BAL) was performed 48 h after intratracheal challenge with OVA (0.4 ml of a 0.25% solution). The increase in plasma extravasation was
assessed by the rat paw oedema induced by OVA (0.1 mg/paw) or the mast cell degranulator compound 48/80 (5 pg/paw). A significant
increase (P <.05) in the total leukocyte influxes into the airways was observed in the stressed (sensitized) group compared to nonstressed
(sensitized) animals, and this was associated with a marked recruitment of eosinophils and mononuclear cells in the BAL fluid. In OVA-
sensitized rats, intraplantar injection of OVA induced a marked paw oedema that was significantly higher in stressed compared to nonstressed
groups. In contrast to OVA, the compound 48/80 (5 pg/paw)-induced oedema did not significantly differ between nonstressed and stressed

groups. Our results indicate that chronic unpredictable stress exacerbates the vascular and cellular inflammatory responses.

© 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

It is well established that the inflammatory reaction is
controlled by the central nervous system, but the commun-
ication between the brain and the inflammatory processes
has been proven to be complex provided this involves
bidirectional signals connecting central nervous system with
peripheral and endocrine systems, as well as with immune
responses [1,2]. It is known that stress perturbs this equi-
librium leading to alterations of the immunological func-
tions and inflammatory reactions, a phenomenon that
depends on the type, intensity and duration of the stress
[3]. Among the various stress models employing experi-
mental animals, the unpredictable stress causes profound
and long-lasting alterations in rodents, including behavioral
changes [4]. This is believed to reflect the incapacity of the
animal to deal with the different and unavoidable types of
experimentally imposed aggression. The resulting imbal-
ance elicits biochemical changes in the central and peri-
pheral systems that impair an adequate immunological
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regulation in the body [5-7]. In humans, psychological
stress precipitates or aggravates mental diseases including
affective disorders, and this is often associated with
immunological and inflammatory diseases, such as bron-
chial asthma and other allergic manifestations, rheumatoid
arthritis, ulcerative colitis and inflammatory bowel disease
[8—10]. Individuals presenting alterations of the immuno-
logical system also frequently show emotional depression
[8—10]. In experimental animals, the effects of either acute
or chronic unpredictable stress on the allergic inflammatory
responses have been poorly investigated. Therefore, in the
present study, a chronic inescapable unpredictable stress
was applied to adult rats [11], and the vascular and cellular
inflammatory responses were investigated in an allergic
model of inflammation.

2. Materials and methods
2.1. Animals
Female nulliparous Wistar rats weighing 160-210 g

(aged 10—12 weeks) provided by the Biology Institute
Laboratory Animal Center (CEMIB) of the State University
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of Campinas (UNICAMP) were used. They were individu-
ally housed at 26 =2 °C with food and water ad libitum on a
12-h light:dark cycle with the lights turned on at 6:00 a.m.
All experiments were carried out in accordance with the
guidelines of the State University of Campinas (UNICAMP).

2.2. Experimental protocols with actively sensitized rats

The rats were initially randomly divided into non-
stressed and stressed groups. In the first day of chronic
unpredictable stress, each of these groups was further
divided into another two groups, namely nonsensitized
and sensitized rats. The latter refers to rats actively sensi-
tized with ovalbumin (OVA), whereas the former refers to
rats receiving only the OVA vehicle (aluminium hydrox-
ide). Thus, these protocols resulted in four experimental
groups of 13 rats each: (1) nonstressed, nonsensitized; (2)
nonstressed, sensitized; (3) stressed, nonsensitized and (4)
stressed, sensitized. Fourteen days later, all of these groups
were employed for either the leukocyte counts in bron-
choalveolar lavage (BAL) fluid (eight rats each) or the
OVA-induced paw oedema (five rats each) experiments (see
details below).

2.3. Chronic unpredictable stress

The stressed group underwent a schedule of chronic
unpredictable stress that was based on a previously pub-
lished method [12], and consists of different types of
stressors presented randomly over a period of 14 days.
Briefly, the stress regime (per week) consisted of 60 h of
food and 78.5 h of water deprivation, 35 h of continuous
lighting, 24.5 h of cage tilting, 17 h of paired housing, 17 h
in a soiled cage, 2 h of reduced temperature, 10 h of
exposure to intermittent white noise (85 dB), 1 h of stro-
boscopic lighting, 0.5 h of exposure to empty water bottles
following a period of water deprivation, 2 h of restricted
access to food, 17 h of exposure to a new odor and 17 h of
exposure to objects in the home cage. All stressed rats were
exposed to the stressors in the same order. Control rats were
left undisturbed throughout the experimental period (14
days) except for the routine animal care.

2.4. Sensitization procedure and BAL fluid analysis

The animals were actively sensitized against OVA
chicken egg (Grade III) according to a previous study
[13], with slight modifications. Sensitization was performed
by subcutaneous injection of OVA (0.15 ml) solution
containing 200 pg of OVA and 8 mg of aluminium
hydroxide prepared in saline. Nonsensitized rats received
only 8 mg of aluminium hydroxide. Fourteen days later, all
the animals (nonstressed nonsensitized, nonstressed sensi-
tized, stressed nonsensitized, stressed sensitized groups)
were anaesthetized with chloral hydrate (300 mg/kg ip)
and submitted to a minor surgical procedure to inject OVA

into the airways. Briefly, the trachea was exposed through a
midline ventral incision of approximately 0.5 cm length in
the neck. With the aid of a 26.5-gauge needle, 0.4 ml of
0.25% OVA solution was injected into the airways. The
animal sensitisation and challenging were carried out
between 08:00 and 10:00 h for all studied groups. BAL
was performed 48 h after intratracheal injection of OVA.
Briefly, the animals were again anaesthetised with chloral
hydrate (300 mg/kg ip) and exsanguinated by cutting the
abdominal aorta. The trachea was exposed and cannulated
with a polyethylene tube (1 mm diameter) connected to a
syringe. The lungs were washed by flushing with phosphate
buffered saline (PBS) solution containing heparin (20 IU/
ml) and serum albumin (0.03%). The PBS buffer was
instilled through the tracheal cannula as one 10-ml aliquot
followed by three 5-ml aliquots. The fluid recovered after
each aliquot instillation was combined and centrifuged
(1000 x g for 10 min at 20 °C). The cell supernatant was
discarded and the cell pellet was resuspended in 2 ml of
PBS buffer. Total cell counts were done with an automated
cell counter (CELL-DYN, 1600, USA). A cytocentrifuge
(Revan, Sao Paulo, Brazil) was used to prepare slides that
were stained with May-Grunwald-Giemsa. A minimum of
400 cells were counted and classified as neutrophils, eosi-
nophils and mononuclear cells based on normal morpho-
logical criteria.

2.5. Plasma protein extravasation

The animals were subcutaneously sensitized with OVA
(or received the OVA vehicle alone) as described above.
Fourteen days later, all the animals were anaesthetised with
inhaled halothane. A subplantar injection of OVA (0.1 mg/
paw) was made into one paw of the rat in a final volume
of 0.1 ml. The paw volume was assessed immediately
before (basal volume) and at selected time intervals (15,
30, 60, 120, 180 and 240 min) thereafter, using a hydro-
plethysmometer (model 7150, Ugo Basile, Italy). A sep-
arate group of stressed and nonstressed rats was
subplantarly injected with mast cell degranulator com-
pound 48/80 (5 pg/paw; n=5 each), and the paw volume
was assessed at 15, 30, 60, 120 and 180 min postinjection.
The increase in paw volume (ml) was obtained by sub-
tracting the paw volume measured prior to the injection of
stimuli from the volumes for the different time-points.
When appropriate, the area under the time-course curve
(AUC; ml min) was calculated using a trapezoidal method.
The results were expressed as percent increase of paw
volume or AUC.

2.6. Statistical analysis

All data are expressed as means+ S.E.M. The program
InStat (GraphPad Software) was used for statistical analysis.
Data were analysed by analysis of variance (ANOVA)
followed by Duncan’s test to determine differences between
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Table 1
Body weight in nonstressed (nonsensitized and sensitized) and stressed
(nonsensitized and sensitized) rats

Groups Body weight (g)

Day 1 Day 15 % variation
Nonstressed, nonsensitized 184+3.4 204+4.5%* +11
Nonstressed, sensitized 176 £3.8 197+4.5* +12
Stressed, nonsensitized 184+£2.2 181+3.1% —-1.6
Stressed, sensitized 176 +6.8 172+5.8% —-23

Data represent media+ S.E.M. of 13 rats.
* P<.05 compared to Day 1.
# P<.05 compared to respective nonstressed group at Day 15.

groups, or t-test for two independent samples. Significance
was defined at the P<.05 level.

3. Results
3.1. Body weight

The nonstressed rats (nonsensitized and sensitized groups)
presented an 11-12% increase (P <.05) in body weight, as
evaluated at the last day of the stress procedure. In contrast,
the stressed rats (nonsensitized and sensitized groups) did not
show any significant body weight gain during the stress
procedure (Table 1).

3.2. Leukocyte counts in BAL fluid
The BAL fluid recovered from the nonsensitized rats

revealed the presence of 3.8+1.2 and 3.6+0.7 x 10° leu-
kocytes/BAL for the nonstressed and stressed groups,

x 10° cells/BAL
(4]

0 |

respectively. This was constituted by >97% of mononuclear
cells, while neutrophils (0.03+0.01 and 0.07 £0.02 x 10°
cells/BAL, respectively) and eosinophils (0.06+0.05 and
0.02+0.01 x 10° cells/BAL, respectively) were very few.
No statistical differences were observed among both of these
nonsensitized groups. However, the BAL fluid recovered
from OVA (48 h)-sensitized rats in both nonstressed and
stressed groups showed a significant increase in the eosino-
phil counts (0.8+0.2 and 1.2+0.2 x 10° cells/BAL, respect-
ively; P<.05) compared to nonsensitized rats, thus,
confirming that sensitization with OVA was efficient. In
addition, the counts of total leukocytes, eosinophils and
mononuclear cells in OVA-sensitized rats were significantly
higher (P<.05) in the stressed group compared to non-
stressed animals (Fig. 1).

3.3. Plasma protein extravasation

In order to investigate whether the vascular component of
the inflammatory reaction was modified by the stress
procedure, two different oedematogenic agents were used,
namely OVA and the mast cell degranulating substance
compound 48/80. Intraplantar injection of OVA (100 g/
paw) into the nonsensitized animals (nonstressed or stressed
groups) did not evoke a significant oedema formation, as
expected (Fig. 2). In OVA-sensitized rats, intraplantar injec-
tion of OVA induced a marked oedema of rapid onset and
long duration in both nonstressed and stressed groups.
However, the response in the stressed group was signific-
antly higher compared to nonstressed animals, as detected at
2—4 h post-OVA injection (P <.05; Fig. 2). The area under
the time course curve (AUC,_4 ) showed a 41% increase
(P<.05) in the stressed group. In contrast to OVA, the paw

Total leukocytes Neutrophils

Eosinophils Mononuclear

Fig. 1. Effects of chronic stress on total and differential (neutrophils, eosinophils and mononuclear cells) leucocyte counts in BAL fluid from OVA-sensitized
female rats after 48 h following intratracheal injection of OVA. Open columns represent nonstressed, whereas solid columns represent stressed rats. Each
column represents the mean+ S.E.M. (n=7-8). * P<.05 compared to nonstressed rats.
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Fig. 2. Rat paw oedema induced by OVA (Panel A) or compound 48/80
(Panel B). OVA was injected at the dose of 100 pg/paw in nonstressed
nonsensitized, nonstressed sensitized, stressed nonsensitized and stressed
sensitized rats (n=>5). Compound 48/80 (5 pg/paw) was injected in both
nonstressed and stressed rats (n=5). The rat paw oedema in the rat was
expressed as percent increase in volume of the injected paw compared to
basal volume. * P<.05 compared to nonstressed rats.

oedema induced by compound 48/80 (5 pg/paw) did not
significantly differ between nonstressed and stressed groups
throughout the time observed.

4. Discussion

Using the chronic unpredictable stress model, our results
showed an exacerbation of the allergic vascular and cellular
inflammatory reaction in rats, as evaluated by the higher
airway leukocyte influxes and increased vascular permeab-
ility in sensitized animals exposed to the antigen OVA.

In humans, although no direct influence of the stress on
pulmonary disorders has been demonstrated yet, it is well
known that chronic stress and depression influences bron-
chial asthma attacks [14—16]. Using different experimental
approaches to induce stress in rodents, controversial
results have been documented, a feature that seems to
reflect the time, duration and controllability of the stress

as well as the immune/inflammatory model used [3]. Al-
though early studies showed attenuation of inflammatory
reactions by psychological stress due to release of adreno-
cortical hormones, more recent studies showed that stress
can determine bidirectional effects (enhancement or reduc-
tion) on the immune/inflammatory reaction depending on
whether stressors are acutely or chronically applied to
animals [17—-20]. For instance, while acute stress exacer-
bates delayed type hypersensitivity reactions in the rat,
chronic stress attenuates this allergic immune reaction
[19,20]. Additionally, chronic stress can attenuate or aggrav-
ate autoimmune encephalomyelitis in rats depending on
whether animals were stressed before or after the immune
challenge, respectively [21].

Our present study showed an exacerbation of both
vascular (OVA-induced paw oedema) and cellular (leuko-
cyte influx in BAL fluid) responses in sensitized rats
submitted to chronic unpredictable stress. Different cell
types have been implicated in the allergic inflammatory
reactions in the airways, including eosinophils, lympho-
cytes and mast cells [22,23]. Compound 48/80 is known
to directly stimulate G-proteins by a nonimmunological
mechanism causing massive mast cell degranulation [24].
This leads to the release of vasoactive amines such as
histamine and serotonin causing, in turn, increased plasma
extravasation and oedema formation [25]. Our findings
that compound 48/80-induced plasma extravasation was
unchanged by the chronic stress exclude the possibility
that an IgE-independent mechanism takes place on rat
mast cells exposed to the stress paradigm. Moreover,
preformed mast cell-derived mediators have been shown
to play minor roles in antigen-induced increase in vas-
cular permeability [26,27]. Interestingly, repeated expo-
sures of rats to restraint stress markedly inhibit the
bradykinin-induced plasma extravasation in the knee joint,
an effect suppressed by adrenalectomy [28]. The discrep-
ancy between this latter study and our findings are
unclear, but one may postulate that this reflects the
plasma corticosterone levels of the stressed animals. Glu-
cocorticoids can shift the cytokine production from a
primarily proinflammatory TH1 pattern (through release
of IL-2 and IFNy) to an antiinflammatory TH2 pattern
(through release of IL-4 and IL-10) [29]. Moreover, lower
glucocorticoid plasma levels have been shown to exacer-
bate the inflammatory process, whereas high plasma
glucocorticoid levels attenuate the inflammatory process
[30]. However, the corticosterone level in rats exposed to
chronic unpredictable stress has been shown to be con-
troversial since it can be unaltered [12] or augmented [31]
compared to nonstressed animals. Further studies are thus
required to elucidate the role of the hypothalamus—pitu-
itary—adrenal (HPA) axis and cytokines in the allergic
responses of chronically stressed rats.

In airways of rat offspring sensitized with OVA at adult
ages, the chronic unpredictable stress increases the recruit-
ment of eosinophils in BAL fluid [32], which is consistent
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with our present findings showing that eosinophil counts are
significantly higher in BAL fluid from the stressed group.
Indeed, eosinophils accumulation into inflamed tissues plays
a critical role in allergic diseases, particularly bronchial
asthma, since they synthesize and release a number of
proinflammatory substances [22]. Mononuclear cells such
as macrophages and T lymphocytes have also been impli-
cated in the pathogenesis of allergic diseases. In agreement
with the rat offspring [32], a higher influx of mononuclear
cells in the stressed rats was observed in our study. Of interest,
isolated alveolar macrophages obtained from stressed rats
showed a marked increase of IL-13 and TNF-« secretion
[33], an effect unrelated to corticosterone and ACTH levels
[34,35]. One may speculate therefore that aggravation of
airway inflammatory responses by chronic unpredictable
stress is a consequence of higher influx and activity of both
eosinophils and mononuclear cells into the lungs, two cell
types that may play a critical role in the stress paradigm.
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