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involved in the cardiovascular response to emotional stress, we discuss the interactions
between mechanisms controlling the sympathetic output to the cardiovascular system and
the possible implications in cardiovascular disease.
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1. Introduction

The impact of emotional stress, mainly rage and fear, on
sympathetic activity was recognized by Cannon in the early
decades of the twentieth century. At that time he already
predicted the dire results of a long-term exposure to
sympathico-adrenal division (Cannon, 1957). Currently, psycho-
logical stress is considered a component of cardiovascular
risk. There is strong and consistent evidence relating emo-
tional stress to the development of cardiovascular diseases,
including hypertension, coronary heart disease and cardiac
arrythmias (Matta et al., 1976; Rozanski et al., 1999; Lampert
et al., 2000; Bunker et al., 2003; Esler et al., 2008). It is well
known that the central sympathetic drive increases in con-
sequence of the persistent emotional stressors leading to
disease. However, the individual vulnerability or hyperre-
sponsiveness also needs to be considered and this may
involve particular early life experiences and/or genetic back-
ground. In any case, the exact groups of neurons and
mechanisms involved remain to be revealed. Undoubtedly,
identifying the central pathways involved in the cardiovas-
cular response to emotional stress is a critical step to under-
stand how emotional stress triggers and alters autonomic
responses, thereby leading to cardiovascular disease. This
review is focused on the central integration controlling
sympathetic output to the cardiovascular system evoked by
emotional stress and on the possible contribution of the
dorsomedial hypothalamus, in the generation of cardiac
arrhythmias.

2. Mechanisms controlling sympathetic
activity

Blood pressure is controlled, to a large extent, by sympa-
thetic nerves that are tonically active, driving the so called
sympathetic tone or sympathetic cardiac and vascular
outflow. The sympathetic tone is set by a network of discrete
populations of neurons located in different regions of the
central nervous system. Three of these regions have mostly
been studied in the context of cardiovascular regulation, the
rostral ventrolateral medulla (RVLM), the nucleus of solitary
tract (NTS) and the hypothalamus [for concise reviews see
Dampney (1994) and Guyenet (2006)]. Sympathetic tone
changes in different physiological and pathological condi-
tions. Elevations in sympathetic tone levels can increase
cardiac chronotropism, inotropism, vascular resistance and
changes in kidney function, increasing the baseline blood
pressure.

The sympathetic tone to the cardiovascular system is
regulated in the short and long term (Dampney et al., 2002),
and mainly involves homeostatic neural mechanisms which
are (i) the feedback mechanisms, and (ii) the central control
mechanisms. The feedback mechanism adjusts the sympa-
thetic output moment-to-moment, according to the demand

of the cardiovascular system which is signaled by receptors
inside the system. The feedback mechanism includes an
input signal to the central nervous system from different
classes of visceral sensory afferents, such as chemoreceptors
and baroreceptors. Undoubtedly, the baroreflex is the most
important feedback mechanism of short term arterial pres-
sure regulation. Baroreceptors are mechanoreceptors that are
activated by distention of the arterial wall caused by
increases in blood pressure. Afferent fibers from the baror-
eceptors terminate within the nucleus tractus solitarius (NTS)
that, via a glutamatergic input, excite second order neurons.
The second order neurons from NTS projects to and excites
GABA containing neurons in the caudal ventrolateral medulla
(CVLM) that exert a powerful inhibitory influence on RVLM
neurons. RVLM neurons are the most important population of
presympathetic neurons, responsible for driving the tonic
activity to the sympathetic preganglionic neurons as demon-
strated in anesthetized (Dampney et al., 2000) and conscious
animals (Menezes and Fontes, 2007). The resting activity level
of RVLM neurons is considered critical for long-term blood
pressure control (Guyenet, 2006). The sympathetic tonic drive
from RVLM to the heart, arterioles and kidney is restrained by
baroreceptor stimulation (Fig. 1; pathway 1). Activation of
baroreflex also results in excitation of vagal preganglionic
neurons localized within the nucleus ambiguous in most
species. The excitation of vagal preganglionic neurons
increases the parasympathetic tone to the heart (Dampney,
1994).

The central control mechanisms influencing the sympa-
thetic tone are more complex and are associated to beha-
vioral strategies, such as those involved in exercise or in
response to emotional stress. The onset of exercise, for
example, involves cortical command that drives motor and
autonomic (including sympathetic) outflow (Williamson,
2010; Matsukawa et al, 2012). During emotional stress
responses, the sympathetic output to the cardiovascular
system 1is initiated from higher cognitive and affective
circuits. This involves responses to external environment
stimuli such as those triggered by visual, auditory or other
sensory input signaling threat (acute stress, e.g., view of a
predator). It is important to note that sympathetic activity
can also be influenced by emotional memories (e.g., anxiety,
chronic emotional stress). Thus, emotional stress can exert
influence on the sympathetic activity over the short and long
term (Fig. 1; pathway 2). There are other factors that can
influence sympathetic activity in the long term, such as
hormones and diseases (Brooks and Osborn, 1995; Patel and
Zhang, 1996; Dampney et al., 2002) but they will not be
discussed in this review.

The stressful threatening stimuli or related emotional
memories activate limbic system structures, including the
amygdala that plays an important role in the emotional
behavior. As suggested by LeDoux and colleagues, a subcor-
tical pathway, including a direct input from the thalamus to
the lateral amygdala, mediates rapid and subconscious
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