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Heat stress (HS) is a common stressor that affects all biological systems. Mild
to moderate HS is associated with intact baroreflex response which tries to cope
up with the stress by maintaining mean arterial pressure (MAP). However, during
severe HS, baroreflex response fails leading to fall in MAP which is a pathognomonic
feature of heat stroke. Heat stroke can induce neuroinflammation, brain ischemia,
oxidative stress and neuronal damage. Increase in ambient temperature led
to activation of the thermoregulatory process in Hypothalamus (HTH) and was
achieved by rise in nor-epinephrine and fall in serotonin, whereas neurotransmitter
imbalance occurred during severe HS in HTH and was associated with expression
of inflammatory mediators. Results of our preliminary study also suggested that
neuroinflammation was associated with neurotransmitter (monoamines and
glutamate) imbalance in HTH leading to thermoregulatory disruption during
severe HS. Here, we also discussed that individuals predisposed to factors like
chronic inflammation and other complications could decrease the threshold of
heat tolerance since a short episode of even sub maximal heat exposure would
precipitate the inflammatory cascade leading to thermoregulatory shutdown.
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Heat Stroke
Exposure to high ambient temperature initiates wide physiological
responses like sending afferent signals from peripheral thermoreceptors
to the preoptic anterior hypothalamus (POAH) followed by efferent
signals from CNS to the periphery. It results in an increase in
sympathetic activity and peripheral vasodilation enabling intravascular
fluid to take away the heat from core to periphery and cool down
the skin by evaporation. However, HS related maladies result when
the compensatory mechanisms are exhausted either due to overexposure to heat or predisposing factors that increase susceptibility
to heat intolerance. In its severe form, patients cease to sweat and core
temperature rises >41°C along with ataxia and altered sensorium which
is a pathological condition termed as heat stroke. Uncompensated heat
stroke is characterized by hyperthermia associated with the systemic
inflammatory response that leads to multi organ dysfunction syndrome
(MODS), in which central nervous system (CNS) dysfunctions prevail1.
Heat stroke related deaths have increased worldwide as extreme
weather events are the consequences of anthropogenic climatic
changes2-5. Cases of dehydration, low physical fitness, obesity, lack of
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acclimatization, drug abuse, diabetes, chronic obstructive
pulmonary disease (COPD), cardiovascular insufficiency,
skin disorders, malignant hyperthermia should be
regarded a priority as predisposing factors for heat
intolerance6-8. 30% of heat stroke survivors experience
disability and neurological dysfunction even after cooling
of the entire body9-11. It is inevitable that brain ischemia,
inflammation and neuronal damage are the main causes of
heat stroke, rather than body hyperthermia12-15. Generally,
exertional heat stroke occurs in active healthy individuals
during strenuous activity under HS conditions while nonexertional heat stroke occurs in elderly, COPD, chronic
diabetics or immunocompromised individuals having
systemic inflammation7.

Chronic Inflammation and Heat Susceptibility

Chronic inflammation in diabetes causes autonomic
insufficiency due to central and peripheral neuropathy thus,
individuals at risk may not show cardinal symptoms of heat
stroke16,17. al-Harthi et al reported that most of the patients
with heat stroke at Mecca Pilgrimage had diabetes with
hyperglycemia, suggesting a strong correlation of chronic
inflammation with heat susceptibility18. Also, patients
with chronic inflammatory encephalopathy characterized
by oxidative and neuronal damage, ischemic injury and
brain inflammation19-21 are more prone to heat intolerance.
Hyperglycemia is known to aggravate brain damage by
inducing an ischemic stroke in experimental animals22. The
detrimental effect of hyperglycemia on cerebral ischemia
is considered to be mediated by the overproduction of
glutamate, free radicals, and lactic acid23,24. Michel et al have
proposed that decreased heat tolerance is associated with
hypothalamic-pituitary-adrenal (HPA) axis impairment25.
Hyperglycemic or diabetic animals could exacerbate the
hypothalamic neuronal damage and dysfunction of the
HPA axis mechanism and resulted in more severe multiple
organ failure during heat stroke26. Excessive elevation
of glutamate, lactate/pyruvate ratio and glycerol in the
hypothalamus of diabetic rats occur after heat stroke
onset26. Studies suggested that chronic inflammation in
diabetes can induce functional and structural plasticity in
neurons, including synaptic vesicle reduction in mossy fiber
nerve terminals27. Evidence also demonstrated that chronic
inflammation induces alteration in neurotransmitter
release in different brain areas. Neurotransmitters and
various brain regions emerge to be differentially affected,
and the effects also depend on the duration and severity
of diabetes28-33. Published report indicated that chronic
inflammation reduces the activity of the nigrostriatal
dopaminergic system34. The alterations in neurotransmitter
release caused by chronic inflammation might result,
partially, from changes in the exocytotic machinery35, since
reduced release from terminal vesicles causes a decline
in catecholamines synthesis with increased storage36.
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All the above studies give an insight into the cellular and
molecular mechanisms of the neurotransmitter release
under chronic inflammatory conditions, thereby disrupting
thermal homeostasis of the individual. The previous study
has shown that administration of hyperbaric oxygen in
diabetic rats after heat stroke exhibited attenuating brain
inflammation, ischemia, neuronal and oxidative damage26.

Relevance of the Present Study

Although ample data showed that chronic inflammation
primes the brain tissue for acute HS damage thus reducing
thermotolerance but sparse literature is available on the
correlation of acute inflammation with thermoregulation at
HTH during the progressive increase in HS. There was also a
necessity of simultaneous comparison of neurotransmitter
release in HTH and systemic biochemical changes with
an increase in the severity of HS. Therefore, our study
extensively evaluated the biochemical parameters and
provided an insight into the monoamine and glutamate
release in both HTH as well as in systemic circulation
during HS. We correlated the biochemical findings along
with the molecular & physiological parameters and
observed that severity of inflammation was associated
with neurotransmitter imbalance during the acute thermal
insult. However, our study has some limitations as the
recording of the cerebral blood flow (CBF) would have given
better information about the cerebral ischemia during heat
exposure. Behavioural studies associated with cognition
and memory functions of the brain and its correlation with
biochemical changes in HTH with increasing severity of HS
would have provided a better biological understanding of
thermoregulation.

Although our data ratifies that during moderate HS,
systemic circulation showed an increase in levels of stress
hormones while HTH showed normal neurotransmitter
balance and thermal regulation with no evidence of
inflammation. This suggests that hypothalamic tissue
(neurons) is comparatively resistant to ischemia37
which makes it to perform its functions even during
the progressive increase in HS conditions. This is quite
interesting and unwraps the new avenues to work upon
the unexplored mechanisms behind it. Understanding
how neurons naturally protect against ischemia will help
to identify molecular targets in the brain to improve
survival of the susceptible areas following heat stroke.
Therefore, it might be relevant to suggest the prophylactic
role of anti-inflammatory agents during peak summers in
heat susceptible individuals since a short episode of even
sub maximal threshold heat exposure can precipitate
the inflammatory cascade leading to thermoregulatory
shutdown.
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