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ABSTRACT
Stress induced hyperthermia" is a regulated change in temperature (a true fever). Psychological stress
has been shown to cause a rapid rise in the body temperature of rats rabbits and humans. The present review
suggests that vestibular stimulation: A sixth sense, can influence stress induced hyperthermia. Further work is

necessary to examine the role of vestibular stimulation in stress induced hyperthermia.
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INTRODUCTION

"Stress induced hyperthermia" is a regulated change in temperature (a true fever). Psychological
stress has been shown to cause a rapid rise in the body temperature of rats rabbits and humans.[1] The
existence of emotional hyperthermia in humans was established.[2] Clinical studies have implicated
adolescence as an important and vulnerable period during which traumatic experiences can predispose
individuals to anxiety and mood disorders. Juvenile stress can induce long-term alterations in body
temperature regulation and heighten the increase in temperature associated with anticipation of social defeat.
[3] The degree of body temperature is an important indication of health as well as illness and often constitutes
the basis for deciding whether or not to initiate treatment. [4] When mammals, including man, are confronted
with a stressful event, their core body temperature rises, stress-induced hyperthermia. Body temperature
recording is recommended to include as a physiological readout parameter of stress. [5, 6]

Stimulating vestibular system: A sixth sense, [7] by controlling direction, duration, frequency and
intensity is called controlled vestibular stimulation. There exists abundant physiological evidence a unique
linkage between the neuro-vestibular system and the regulation of homeostasis, circadian rhythms, and body
composition. [8] The hypothalamus ensures normal (e.g., feeding, thermoregulation, cardiovascular, fluid
balance) and adaptive (e.g., stress, exercise) homeostasis by altering a variety of neural and endocrine effector
mechanisms, including the balance among sympathetic and parasympathetic outflow. [9]JAbundant anatomical
evidence that the vestibular nuclei project directly to hypothalamus and to numerous brainstem autonomic
nuclei that, in turn, project to the hypothalamus.

Moreover, a number of these nuclei have been shown to influence homeostatic and circadian
function. Such nuclei include the parabrachial, caudal raphe nuclei, solitary nucleus, and the locus coeruleus.
[10-14] Vestibular stimulation, depending on side of stimulation, has a modulating effect on mood and
affective control. [15]

The purpose of this article is to review research reports related to vestibular stimulation and its effect
on stress induced hyperthermia and to establish a hypothesis and to suggest translational research in this area.

MATERIALS AND METHODS

Articles were selected from searches at google.com, pubmed.com, British medical journal.com,
Medline, ERIC, frontiersin.org, hindawi.com, scopus.com and other online standardized journals.

Vestibular stimulation effects stress induced hyperthermia through hypothalamus

The fundamental autonomic stress response to psychological stress is hyperthermia. Stress induces
hyperthermia through hypothalamic medullary monosynaptic stress pathway which stimulates sympathetic
neurons and induces thermogenesis in brown adipose tissue. It was observed that rostral medullary raphe
region (rMR) and dorsomedial hypothalamus (DMH) mediate a psychosocial stress-induced thermogenesis.
DMH stimulates paraventricular hypothalamic nucleus and cause release of stress hormones. [16]
Glucocorticoids may have a role in stress-induced fever. [17] The main characteristic of the stress response is
activation of the hypothalamic-pituitary-adrenal (HPA) axis and sympathetic adrenomedullary (SA)
system. [18] Chemical thermogenesis is mediated by epinephrine. [19] Raise in the body temperature during
emotional excitement may be due to unconscious tensing of muscles. [20]

Single, paired, and rhythmic stimulation of the vestibular nerve and lateral vestibular nucleus of
Deiters produces three types of response from hypothalamic neurons, with short, long, and intermediate
latent periods. [21] PVN neurons receive vestibular afferents bilaterally according to the intensity of vestibular
stimulation, with the information received probably integrated in the hypothalamus to participate in vestibulo-
autonomic reflexes. [22] Neurons of the PVN showed different patterns of response with various combinations
of inhibition and excitation sequences following caloric vestibular stimulation. [23] Vestibular stimulation
inhibits both HPA axis and decreases cortisol level and heart rate and blood pressure within normal limits and
brings to stress- less condition. [24] Caloric stimulation (CS) of the vestibular apparatus inhibited noradrenergic
neuronal activity in the locus coeruleus (LC). [25]
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Vestibular stimulation effects stress induced hyperthermia through food intake

Eating has been theorized as a coping strategy for stressful situations. [26] Stress was correlated with
being overweight in children. [27] Consumption of carbohydrate may relieve depressive moods and this has
been considered as part of the causal link for developing obesity. Increased consumption of carbohydrate
dense foods such as sweets, cookies, snacks, and fast food was associated with higher perceived stress in
females. [28] Stress can cause a rapid increase in energy expenditure. Stress hormones circulate the blood and
communicate to cells to break down energy stores ready to provide a greater supply of energy. [29] Food
intake was increased overall during the 6 days of repeated stress and body temperature was increased during
stress and during recovery from stress during 6 days of repeated stress. [30] The process of heating the body
through dietary sources is known as thermogenesis, or diet-induced thermogenesis. [31]

Sympathetic discharge and adrenaline cause an immediate increase in the rate of metabolism due to
due to uncoupling of oxidative phosphorylation that is oxidation of food stuffs is associated with release of
heat rather than generation of ATP. Heat produced in this way is called chemical thermogenesis. [20]
Vestibular system is having extensive interactions with hypothalamus, dorsal raphe nucleus, nucleus tractus
solitarius, locus coeruleus, hippocampal formation and regulates food intake. [32]

Vestibular stimulation effects stress induced hyperthermia through cutaneous circulation

Psychological stress causes activation of 5-HT2A receptors in neural pathways that control
thermogenesis in the brown adipose tissue and facilitate cutaneous vasoconstriction. [33] The central
hypothalamic-pituitary-adrenal (HPA) axis is activated following stress signals such as 5-hydroxytryptamine,
acetylcholine, and inflammatory cytokines. Stress signals also activate the locus coeruleus (LC) of the brain
stem eliciting a sympathetic nervous system response. Human skin expresses CRH as well as CRH receptors
(CRH-R). The CRH-Rlaisoform is the predominant CRH receptor in skin and is expressed in all major cell
populations of epidermis, dermis, and subcutis. By contrast, CRH-R2 is expressed predominately in hair
follicles, sebaceous and eccrine glands, muscle and blood vessels. [34] Vestibular inputs can entrain the firing
of cutaneous sympathetic neurones and increase their normally weak pulse-related rhythmicity. [35] Bilateral
sinusoidal galvanic vestibular stimulation (sGVS), evokes a potent entrainment of sympathetic outflow to
muscle and skin. Very low frequencies of sGVS modulate skin sympathetic nerve activity (SSNA). [36]

CONCLUSION
Collectively, the present review suggests that between vestibular stimulation can influence stress

induced hyperthermia. Further work is necessary to examine the role of vestibular stimulation in stress
induced hyperthermia.
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