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Abstract
It has been reported that allergies are associated with depression and possibly suicide in women.
Aggression is an important behavioral component that predisposes depressed individuals to
suicidal acts. In the present study we examined the relationship between allergies and aggression
to determine a potential contribution of allergies in factors of risk for suicidal behavior. Because
stress plays a critical role in the manifestation of clinical symptoms of allergies and also in
suicidal behavior, we also studied the role of acute stress. Female inbred Brown Norway rats
known for their susceptibility to respiratory allergies were sensitized and challenged with a
mixture of tree pollen and evaluated in the resident-intruder test for detection of aggressive
behaviors. They were also subjected to acute stress by sessions of inescapable forced swimming
and re-evaluated in the resident intruder test. Animals made allergic to tree pollen and subjected to
acute stress displayed increased aggressive-like behavior as compared with control-saline treated
animals or to their own aggressive scores previous to the stress session. These results suggest that
allergies and stress increases aggressive-like behavior, indicating that these conditions may be
important factors promoting altered emotional reactivity with the potential to influence suicidal
behavior.
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Introduction
Suicide is a very complex behavior that is associated with different factors including among
others, socioeconomic, demographic and genetic (1-3). One of the most important risk
factors for attempted and completed suicide is suffering from a mental disorder, and major
depression is the most common psychopathology that has been consistently associated with
suicidal behavior (1,4-6). Other mental disorders include bipolar disorder, borderline
personality disorder, substance abuse and schizophrenia (1,5,6). Certain personality traits are
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important factors that contribute to increase the risk for suicidal behavior in depressed
individuals including impulsivity neuroticism and aggression (6-10). Studies about the
contribution of these traits in increasing the risk for suicide in individuals suffering from
major depression concluded that aggression, but not impulsivity or neuroticism, is the trait
with clinical relevance that better predicts increased suicide risk in people with depression
(11). Thus, an aggressive state in depressed individuals significantly increases risk for
suicidal behavior; it has been said that to be able to kill oneself, one should be “ready to die
and ready to kill”. Moreover, based on the fact that only a relative small percentage of
psychiatric patients attempt suicide, it has been hypothesized that a secondary stressor in
people at high risk is likely to act as a precipitant for suicidal behavior (1). The interaction
of a stressor such as an acute psychosocial crisis in psychiatric patients with a predisposition
for suicidal behavior (the stress-diathesis model) explains and also predicts the occurrence
of suicidal behavior (1,12).

Epidemiological studies show that depression and suicide manifest in the population with
marked oscillations on their incidence. An increased rate of depression as measured by
hospitalization has been documented during early spring followed by an increase incidence
in suicide rates during late spring (13). It is important to note that the spring peak in suicide
is more prominent for violent suicides than for non violent suicides (14). The reasons for
these seasonal patterns in disease fluctuation are highly debated. Several additional
epidemiological studies reported that in women, suffering from an atopic condition increases
the risk for depression (15,16) and seasonality of completed suicide (17) and that seasonal
aeroallergen exposure may be related with suicide completion (18). Based on these
associations, we have previously hypothesized that seasonal allergies may be a factor
contributing to increased incidence in suicide during spring, particularly in women (18,19).
However, the behavioral traits that may be influenced by allergies leading to depression and
suicide are unknown. Moreover, the interactions of these factors during a stressful situation
have not been explored.

To determine if seasonal allergies influence behavioral traits that may contribute to suicidal
behavior in females, we evaluated in the resident intruder test female rats made allergic to
tree pollen. The resident intruder test is used to detect aggression based on elements of rat
behavior expressed during social encounters (20,21). To explore the contribution of an acute
stressful event in this paradigm, we introduced in this model inescapable forced swim
sessions known to induce learned helplessness in rodents (22,23).

Methods
Allergy to Pollen

Inbred Female Brown Norway (BN/NHhsd) rats (n = 18) were obtained from Harlan-
Sprague Dawley (Indianapolis, IN). This strain was selected based on their susceptibility to
develop respiratory allergic reactions after repeated exposure with an antigen (24,25). They
were sensitized by repeated intranasal instillations with a mixture of equal parts of tree
pollen (oak, cedar, maple and birch) (Greer Laboratories, Lenoir, NC) dissolved in saline
(250 mg/ml pollen mixture) for 5 consecutive days. The animals were slightly anesthetized
with isofluorane in induction chambers and at the moment of awakening were administered
with 100 μl per nostril of saline solution or pollen mixture. The animals received an
intranasal dose at day 15 after the last administration to boost the immune reaction. The rats
were challenged 7 days later after the boosting administration for 5 consecutive days with
the same solutions. Control animals were treated with saline under the same schedule.
Allergic animals developed mild allergic symptoms evidence by watery runny nose.

Tonelli et al. Page 2

Int J Child Health Hum Dev. Author manuscript; available in PMC 2010 July 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Stress Exposure
Groups of rats (n = 9) consisted of control saline and pollen treated animals evaluated on a
first session of resident intruder test on day five of the challenge with tree pollen. Five days
later control and pollen treated rats were subjected to acute stress exposure by forced
swimming in a vertical glass cylinder (diameter 22.5 cm and height 60 cm) containing 35
cm of water maintained at 25?C for 15 min. Twenty-four hours later the animals were re-
tested in the resident intruder test. All animal procedures were approved by the Institutional
Animal Care and Use Committee of the University of Maryland, Baltimore.

Resident Intruder Test
Resident and intruder rats were separated 21 days before testing. Rats were housed in
Plexiglas cages with standard food pellets and water available ad libitum in a room at a
constant temperature of 23° C. All animals were maintained on a 12:12 L:D cycle (lights on
at 07:00 hr) and each rat remained in its original cage throughout the experimental
procedures. Resident intruder tests were performed between 10:00 AM - 12:00 PM each
day. The resident rat remained in its original home cage placed in the testing area for ten
minutes prior to intruder entry to ensure the resident was fully acclimated to its
surroundings. An unfamiliar intruder was taken from a separate cage and placed in the
resident cage to begin the test. Tests were videotaped from a horizontal angle with a Sony
Mini DV camcorder in sessions of ten minutes. Aggressive behavior was measured by two
observers both during the test, and re-scored on video after the test. Behavior that was
considered aggressive was measured solely from the resident directed towards the intruder
and was scored based on the number of aggressive actions that occurred. After the ten-
minute test, the intruder was removed from the cage and returned to its original cage. Data
was analyzed with a one way ANOVA followed by Neuman-Keuls as post hoc comparisons.
Statistical significance was set at alpha 0.05.

Results
Identification of Agonistic Behaviors in Female Brown Norway Rats

Based on the descriptions of DeBold and Miczeck, 1984 (26) and Blanchard 1982 (27) and
Mitchell 2005 (20,21) the following agonistic behaviors were identified in all groups and
conditions tested: a) Lunging toward the intruder b) placing paws on intruder's back c)
pursuing or following the intruder d) cornering (backing intruder into a corner of the cage).
The following agonistic behaviors were not identified in any group or condition tested: a)
bite, b) boxing c) nipping.

Additional behavioral categories identified included exploration (locomotion and rearing)
and investigation (nose to nose sniff, genitalia sniff) and maintenance (grooming, digging).
The relative percentage of these behaviors during the 10 minutes test is shown in table 1.

Stress-Induced Aggressive-Like Behavior in Rats Allergic to Tree Pollen
Based on the consideration that all of the agonistic behaviors identified correspond to the
same category of low intensity aggressive behaviors, the frequency of each individual
agonistic behavior for each animal was summarized giving a total aggression count
corresponding to the 10 minutes of test. The analysis of variance ANOVA for total
aggression counts showed a significant difference between groups [F (1, 20) = 12.66; p <
0.0001]. Post hoc analysis showed that animals made allergic to tree pollen and subjected to
the stress session had increased aggression scores compared with the rest of the groups
(Figure 1). No differences were found for pollen treated animals with respect to control if
they were not subjected to the stressor.
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Discussion
The present study showed that allergies increase low intensity aggressive-like behaviors
only when they interacted with an acute stressor. Since acute stressors are unpredictable in
nature, the present results lead us to speculate that seasonal allergies are a necessary, yet not
sufficient factor that may contribute to increase the risk for suicidal behavior during spring
via increased aggressive behavior. Moreover, the present study analyzes only one aspect of
the full spectrum of behavioral risk factors for suicide, the contribution of allergic processes
in depression, anxiety, impulsivity, and other suicide risk factors including alterations in
sleep patterns have not been investigated.

Studies on patterns of aggressive behaviors displayed by female out-bred Norway rats
indicates that high intensity aggressive behaviors in female rats are rare and that they may
represent defensive behaviors towards the intruder rather than offensive actions (26-28).
However, these behaviors which include striking bites towards the face have been
documented and they were not observed in the present study. As mentioned earlier, all the
aggressive postures observed are considered to be of low intensity aggression (26-28). This
has been documented previously for the resident-intruder test in male inbred Brown Norway
rats (29). Whether or not these features represent aggressive traits in humans with any
relevance for suicidal behavior is only speculation. In any case, the present data shows that
acute stress during an allergic process clearly influences agonistic behaviors as evidenced by
the doubling of these encounters that represent altered social interactions. Altered social
interactions are recognized as characteristic of pre-suicidal states in humans, and the
inability to cope with a stressful situation is a hallmark of many mental disorders (23).

Several mechanisms may explain how allergies influence aggressive-like behaviors. One of
them is through the effect that cytokines released during an allergic process may have on
rage and aggression. It has been reported that certain cytokines such as interleukin-1β
(IL-1β) administered in several brain regions potentiates rage and aggression in cats (30).
Moreover, the authors showed that interleukin-2 may suppress or enhance defensive rage in
cats depending on the region of the brain in which it was administered (31). Another study
demonstrated that peripheral administration of IL-1β inhibits inter male agonistic behavior
in a dose dependent manner (32). Conversely, it has been shown that mice deficient for
interleukin-6 display high degrees of aggressive behavior (33). In humans, hostility, physical
and verbal aggression has been positively correlated with tumor necrosis factor-alpha
expression in stimulated monocytes (34). Although studies on the behavioral effects of the
major cytokines involved in allergic inflammation have received little attention, it is possible
that these cytokines including interleukin-4, 5 and 13 among others may modulate
aggressive behavior through interactions with cytokines such as IL-6, IL-1β and TNF-α.

Despite the fact that immune challenge and cytokine administration have been shown
capable of modifying components of aggressive behaviors, in the present study the
manifestation of aggressive-like behaviors was not seen in allergic animals but only after
they have been exposed to an acute stressor. This is an important consideration because it
may point to an important mechanism of neuro-immune interaction that have been
consistently reported in the literature. It is known that the relationship between stress and
allergic conditions is reciprocal where stress worsens atopic disorders (35,36) and atopic
disorders influence emotional reactivity (37,38). The core physiology of this reciprocal
connection involves the hypothalamic-pituitary-adrenal (HPA)-axis that can both modulate
immune function through the effects of glucocorticoids, and its activity can be modulated by
immune function through the effects of cytokines (39-41). In addition, activation of mast
cells by corticotrophin-releasing factor (CRF), that is also a potent activator of the HPA-
axis, has been proposed as a contributing mechanism (36). Therefore, nasal allergies induced
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by tree pollen may lead to a similar situation to that we have recently reported in which
inflammation in the nasal cavities produces a sub-syndromal state of sickness increasing
cytokine expression and priming the HPA-axis to release large amounts of glucocorticoids
under stress such as forced swimming (42) and potentially influencing later behavioral
responses.

Conclusions
In conclusion, altered agonistic behaviors were observed in female rats made allergic to tree
pollen and subjected to acute stress. This relationship may represent an important factor of
altered emotional reactivity and its behavioral expression in individuals that suffer from both
atopic and mood disorders. Further studies are necessary to fully characterize and determine
the mechanisms of this association.
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Figure 1.
Total number of aggressive behaviors (lunging toward the intruder, placing paws on
intruders back, pursuing or following the intruder and backing intruder into a corner of the
cage) identified during 10 minutes of an encounter with an unfamiliar intruder conspecific in
control saline rats or rats sensitized and challenged with tree pollen. Before Stress: animals
tested before acute stress session. After Stress: animals tested after an acute stressor
consisting of 15 minutes of inescapable forced swimming.
** p < 0.0001.
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Table 1

Mean percentage values ± standard error mean of different behavioral categories identified during 10 minutes
of an encounter with an unfamiliar intruder conspecific in control saline rats or rats sensitized and challenged
with tree pollen. The relative time spent on each behavior was grouped according to the motivational state as
follow: locomotion and rearing (Exploration); nose to nose sniff and genitalia sniff (Investigation); lunging
toward the intruder, placing paws on intruders back, pursuing or following the intruder and backing intruder
into a corner of the cage (Aggression); grooming and digging (Maintenance); (adapted from Mitchell, 2005
(20))

Before Stress After Stress

Control Pollen Control Pollen

Exploration 42 ± 3 39 ± 4 34 ± 3.6 28 ± 4.5

Investigation 47 ± 4.4 49 ± 3.7 51 ± 6.5 57 ± 8.4

Aggression 4.2 ± 6.5 3.9 ± 2.5 5.1 ± 1.8 9.6 ± 2.2

Maintenance 6.8 ± 2.7 8.4 ± 1.1 8.2 ± 2.3 5 ± 1.3
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