Internal Thermosense

Internal Thermoreceptors
• Rapidly adapting nerves
• Warm: unmyelinated C-fibers
• Cold: C-fibers/A-fibers (thinly myelinated, faster conduction)
• Locations:
• Anterior Hypothalamus
• Spinal Cord
• Abdominal Viscera
• Great Veins

Internal Thermoreceptors
• Anterior Hypothalamus
• Predominantly found in Pre-Optic Area
(POA)
• Posterior Nuclei of Hypothalamus
receives projections from the POA
• Predominantly warm-sensitive, in
opposition to external thermoreceptors
• “Anterior senses, posterior acts”
• Thought to integrate information about
local brain temperature and other body
temperatures and to control the level of
output for thermoregulatory responses
based on cues

Internal Thermoreceptors

Thermal sensitivity range of transient receptor potential ion channels in
mammals.

Internal Thermoreceptors
• TRPs wear many hats
• Some function to sense pain,
cold/warm, hearing, etc

Internal Thermoreceptors
• Spinal Cord, Abdominal
Viscera and Great Vein
Thermosensors
• Warm sensitive
• Cold sensitive
• Greater concentration of coldsensitive neurons, similar to
external thermoreceptors

• Great Veins

• Abdominal Viscera
• Great veins of the
body
•
•
•
•
•
•

Vena cavas
Jugulars
Renal
Hepatic
…

• Abdominal Viscera
• Warm-sensitive
• Cold-sensitive
• Stimuli
• Cold--- gut muscle
contraction
• Warm– gut muscle
relaxation

The Hypothalamus
Projections from hypothalamic POA
thermosensitive neurons:
• Posterior Nucleus of hypothalamus
• Paraventricular nucleus (PVN) of
hypothalamus - also dorsomedial
nucleus (DMN) and ventromedial
nucleus (VMN)
• Ventrolateral periaqueductal grey
(VL-PAG) area
• Medullary raphe

The Hypothalamus

The Hypothalamus
Posterior hypothalamic nucleus
• Receives γ-aminobutyric acid (GABA)-ergic projections from POA
• Extends projections to motor neurons via reticulospinal tract in
ventral horn of spinal cord
• Shivering response speeds metabolism and heartrate, and generates
heat
• Shivering response decreased in subjects that have been
administered alcohol

The Hypothalamus
Paraventricular nucleus, dorsomedial nucleus
and ventromedial Nucleus
• Paraventricular nucleus has direct efferent
projections to sympathetic preganglionic
neurons supplying brown adipose tissue
(BAT)
• BAT is a major component of non-shivering
thermogenesis in many species (including
infant, but not adult humans)
• PVN, DMN and VMN involved in autonomic
regulation-Increased sympathetic tone
increases metabolic rate and heat production

Brown adipose tissue as seen by
Intermolecular Zero-Quantum
MRI

The Hypothalamus
Ventrolateral periaqueductal gray (VL-PAG) area and medullary raphe
(MR)
• POA sends excitatory projections to the VL-PAG
• Stimulation of VL-PAG causes vasodilation
• POA sends inhibitory projections to the MR–stimulation of MR causes
vasoconstriction
• POA-induced inhibition results in vasodilation

External thermoreceptors can interact with internal thermoreceptors
to enhance efficiency of thermoregulation
• Neural pathways associated with external/internal thermoregulation
not well understood.
• Pre-emptive sweating and cold stimulus responses such as
piloerection, vasoconstriction and shivering can all occur in advance
of any actual core change in temperature.
• Limits heat loss or gain in transitional environments

Behavioral Thermoregulation in Reptiles
• Reptiles have problems with thermoregulation
• Even species living in very cold regions such as
• -Lacerta vivipara
• -Vipera berus
• As far north as the polar circle
• Cannot digest food below a temperature of 16
to 18°C
• Cannot undergo spermiogenesis below 21-22°C

Behavioral Thermoregulation in Reptiles
• Eccritic body temperatures : the temperatures that the physiological
processes are said to work best at
• Q10 = (K1/K2)10/( t1/t2)
• Where K1 and K2 are the velocity constants proportional to the rates of
reaction observed at temperatures t1 and t2
• Gives the predicted increase in physiological processes for every increase in
body temperature of 10°C
• Most biological reactions have Q10"s of 2-3; for example a Q10 of 2 for
muscular energy between 20 - 30°C indicates an increase of twice the
amount of energy available in the muscles over that particular increase in
temperature range
• Relates the proportion of energy that can be expended for any work

Behavioral Thermoregulation in Reptiles
• Behavioral thermoregulation not just for
simple survival
• Also acts as physical enhancement as
metabolic processes speed up and
reptile digests food faster, grows faster,
moves faster, and has greater
reproductive success.
• Rattler frequency as a function of body
temperature

Behavioral Thermoregulation in Reptiles
• Differentiated in part from mammals by decrease in metabolically activated
tissues such as liver, heart, GI, lower cell density of mitochondria, more
metabolic pathways coupled to ATP production
• The opportunity for thermoregulation is limited in thermally homogenous
environments, particularly in water
• Anolis cristatellus, iguanian lizard
• Travel between sun/shade or hot/cold microenvironments to control heat
flux
• Alter posture to change surface areas exposed to regions of heat sink or
source
• Maintain very precise control with these methods in optimal conditions

Behavioral Thermoregulation in Reptiles
• Anole populations studied, both animals that
preferred the forest canopy and the open field
• Study found that in regions with easy access to sun
there was much basking, in regions without, it
much less
• Anoles in forest canopy simply did not seek out
basking light in many cases
• Thought to be because it’s too energetically
expensive to climb high into the trees to find light
• As a result, anoles in the forest cover varied by 4.9C
as opposed to only 1.6C variance in open field
anoles
• Nevertheless forest anoles tolerate this
successfully, thus the trait may be adaptive only
under favorable circumstances

Behavioral Thermoregulation in Reptiles
• Another (non-behavioral) mode of regulation is cardiac activity. By
increasing heartrate during times of heating and decreasing it during
times of cooling, a reptile’s homeostatic functions can exert influence
over the rate at which heat exchange occurs with their environment.

Behavioral Thermoregulation in Reptiles
• Another mechanism for thermoregulation: respiratory cooling
• Although increased respiration may simply be a result of heightened metabolism, may also be
regulated at least in part
• Three reptile species monitored, relationship between nose temperature and head temperature
.8, nose consistently cooler.

Derangements of Thermoregulation
• Anapyrexia
• Anterior hypothalamus lesions
• Drugs
• Fever
• Menopause
• Ovarian Cycling
• Toad Fever

Derangements of Thermoregulation
• Anapyrexia
• Regulated decrease of body temperature due to a shift in the Set
Point
• Often caused by hypoxia as oxygen consumption is reduced,
hemoglobin affinity is increased.
• This works both ways as induced anapyrexia (hypothermia) can be
beneficial to medical subjects suffering from hypoxia, due to
decreased oxygen demand and blunting of the energetically costly
effects of hypoxia

Derangements of Thermoregulation
• Anterior Hypothalamus Lesions
• Useful method for study because it can be induced by electrolysis in
lab
• Nonfunctioning POA leads to improper regulation of heat production
resulting in excess production and retention
• POA damage leads to hyperthermia even in ectotherms.
• Behavioral thermoregulatory processes also affected.

Derangements of Thermoregulation
• Drugs/Effects
• Cause hypothermia
• Progesterone
• Opioids (some)
• Serotonin
• Alcohol
• Prostaglandins
• GABA

• Cause hyperthermia
• Estrogen
• 5HT2A agonists (LSD,
psilocybin)
• Opioid peptides
• Dopamine
• Substance P
• Norepinephrine

Derangements of Thermoregulation
• Fever
• Net effect- elevated body temperature above normal
• Inflammation causes cytokines to be released
• Results in cyclooxygenase activity increase
• Cyclooxygenase generates prostaglandin E2
• PGE2 inhibits firing of warm-sensitive neurons in POA
• Need a higher body temperature to achieve “normal” firing rate -“set
point” is elevated

Derangements of Thermoregulation
• Ovarian Cycling
• Circulating sex hormones alter hypothalamic set point
• Estrogen firing rate of warm sensitive neurons increases, body temp
decreases
• Progesterone firing rate decreases, body temp increases
• Leads to temperature variation during menstrual cycle

Derangements of Thermoregulation
• Menopause
• Symptomatic menopausal
women have a thermoneutral
range of <0.1 ° C (normal is 0.4
°C).
• Common symptoms of
overheating during hot
flashes; sweating, exhaustion,
heart rate increase

Derangements of Thermoregulation
• Toad Fever
• Lipopolysaccharide (LPS) injected into toads can cause fever of up to
2.2 ° C
• Fever is produced by moving to areas of febrile temperature and
passively increasing body temp
• This process can be disabled by damage to the POA

Summary
• Both ectotherms and endotherms undergo thermoregulation
• Thermoreceptors of POA predominantly warm-sensitive and compose greatest
concentration in hypothalamus
• POA has efferent projections to other nuclei that control various
thermoregulatory responses
• Nonhypothalamic internal thermoreceptors also contribute to thermoregulation
• Reptile thermoregulation by travel to thermally favorable environments
• Reptile thermoregulation by heartbeat regulation
• Factors affecting POA neuron firing rates:
• – Drugs and injury
• – Hormones
• – Neurotransmitters / neuromodulators
• – Products of inflammation
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