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17β Estradiol Decreases Vasodilatation at 31°C in Ovariectomized 
Rats 
 
 
Introduction 
 
The purpose of this Honor’s Thesis is to investigate rat heat dissipation in correlation 
with estradiol (commonly referred to as estrogen) at different environmental (ambient) 
temperatures.  The relevance of this study is investigative of post-menopausal hot flushes 
as a thermoregulatory dysfunction. 
 
Thermoregulation 
 
Relative to endodermic organisms, thermoregulation is complex and dynamic in 
activating and deactivating specific autonomic systems in order to stabilize internal or 
core temperature against environmental or ambient temperature.  This is different from 
ectoderms whose core temperature is regulated by ambient temperature.  However, 
neither organism’s core temperature can deviate more than a few tenths of a degree 
Celsius (Romanovsky 2007).   
 
In the human, maintenance of core temperature is highly regulated by vasodilatation and 
vasoconstriction (vasomotion).  Increased metabolic activity yields an increased heat by-
product.  Sustaining a stabilized core temperature, one that is not over-heated, involves 
removal of the heat by-product by vasodilatation.  Because the preoptic anterior 
hypothalamus (POA) is stimulated by the increased heat production in the core, the 
appropriate thermoeffector response initiates: vasodilatation, increasing blood flow to 
increase convection.  Heat dissipation in the skin induces perspiration resulting in 
evaporation (Charkoudian 2003).  This cooling effect causes heat-extracted blood for a 
cooler core temperature.  When core temperature stabilizes, visceral peripheral 
thermosensitive neurons are activated to stimulate the POA to cease heat dissipation and 
perspiration.  The warm response ceases.  If ambient temperature decreases to provoke 
vasoconstriction, blood flow decreases resulting in decreased heat dissipation for heat 
conservation to maintain core temperature (Charkoudian 2003).  Continued exposure to a 
cold ambient temperature will trigger shivering (involuntary skeletal muscle contractions) 
(Charkoudian 2003).  The muscle contractions generate heat for increased control of core 
temperature regulation.  The cold response stops when core temperature stabilizes.  Both 
responses are controlled by two different sympathetic nerves: vasoconstrictor and 
vasodilator nerves (Charkoudian 2003).  Only vasoconstrictor neurons innervate the 
palms, soles, and lips which contains abundant vessels that allow high blood flow from 
arterioles to venules; whereas, both classes of nerves innervate all other skin which 
contains less of the aforementioned vessels (Charkoudian 2003).  Usually, the 
vasoconstrictor system is continuously activated (Charkoudian 2003).  This remains until 
ambient temperature incites change.  This system changes subtly according to activity 
and ambient temperature because small changes in skin blood flow will yield large heat 
dissipation changes (Charkoudian 2003).       
 



Thermoregulation is also influenced by hormones.  Specific to this study, the lack of 
estradiol in the post-menopausal woman has been linked to cause increased skin 
vasodilatation (Santoro 2008).  Estradiol replacement therapy is noted to decrease 
vasodilatation onset by 0.5°C allowing for increased skin blood flow due to increased 
core temperature (Charkoudian 2003).  Thus, estradiol is implicated to be an active 
vasodilator.  Because the POA promotes substantial thermoeffector responses such as 
vasodilatation, the role of estradiol in the POA is a point of interest relative to post-
menopausal hot flushes as it is unknown.   
 
Menopausal Hot flushes 
 
Characterized by ovarian failure, menopause results in virtually no estradiol.  Other 
instances of menopause may occur surgically by the removal of the ovaries 
(oopherectomy or ovariectomy), but it should not be mistaken for removal of the uterus 
(hysterectomy).  If there is at least an intact ovary after the hysterectomy, the 
hypothalamic-pituitary-ovarian axis is functional.  In post-menopausal women, this axis 
is dysfunctional due to the non-working ovaries.  Without the estradiol produced by the 
ovaries, the hypothalamus and anterior pituitary gland increase concentrations of 
gonadotrophin-releasing hormone and luteinizing hormone, respectively.  Additionally, 
hypertrophied hypothalamic neurons in the post-menopausal woman are evidence that 
suggests the increased activation of the secretory neurons in the hypothalamus is due to 
withdrawal of estradiol (Rance, McMullen et al. 1990).   
 
Post-menopausal women experience a number of symptoms: insomnia, mood changes, 
osteoporosis, vaginal atrophy, but the most prominent is hot flushes.  Over 80% of post-
menopausal women experience hot flushes which are a thermoregulatory dysfunction of 
an unknown pathway (Deecher and Dorries 2007).  Specific to this study, a hot flush is 
characteristic of post-menopausal women, or women who have experienced ovarian 
failure.  Highlighted symptoms of a hot flush include behavioral temperature regulation, 
sweating, increased skin temperature, and visible prolonged reddening (thus the term 
“flush”).   
 
Before a hot flush commences, associated symptoms (headache, waking, rapid-eye 
movement decrease) have been recorded to ensue.  At the prompt of a trigger, a hot flush 
develops.  These triggers could include a warm drink, embarrassment, alcohol, and 
others, but there seems to be a positive trend toward activating the sympathetic nervous 
system (Sturdee 2008).  The post-menopausal woman will suddenly feel warmer in her 
back, upper body, or both, and she may start to redden and/or sweat (Sturdee 2008).  This 
sensation may then progress upward, downward, or in either direction enduring for an 
indefinite amount of time (Sturdee 2008).  The cycle of the hot flush may continue 
anywhere from a few times an hour to a few times a month, lasting anywhere from >1 to 
40 years (Sturdee 2008).  These women who chronically suffer the hot flush may also 
suffer personal impediments such as depression or fatigue that may strain their 
relationships (Sturdee 2008).  However, such cause and effect are subjective and vary 
greatly as described.  These inconsistencies make the hot flush difficult to define. 
 



Although not widely studied or understood, past studies have characterized and 
quantified the hot flush.  As mentioned, when a woman hot flushes, her skin temperature 
increases.  This increase in skin temperature is the result of increased vasodilatation 
which is measurable using such tools as temperature probes, thermograph technology, 
conductance probes, or plethysmograph technology (change of volume measurement).  
However, skin temperature increase fluctuates over the body: literature illustrates the 
greatest increase in the phalanges (~3°C) as opposed to the forehead or chest (~1°C) 
(Kronenberg, Cote et al. 1984).  These temperature changes are not reflective of the 
sensation felt by women who are hot flushing; thus, the subjectivity of the sensation may 
be due to the acute change in temperature.  These two phenomena are illustrated and 
discussed below. 
 

Thermographs, or infrared images, before and during a hot flush are recorded 
(Sturdee 1979).  In the publication a post-menopausal woman’s face is depicted 
before and during a hot flush.  The black area depicts the heat dissipation, which 
is most noticeable on the chest and phalanges.  These black areas increase in 
intensity on the right, which indicates that the woman is experiencing increased 
heat dissipation.  Conversely, there is another thermograph of different post-
menopausal woman’s face and neck before and during a hot flush.  The three 
images are the same woman horizontally before, during, and 60 seconds after a 
hot flush; however, there is no apparent change in heat dissipation according to 
the authors.  Thus, the sensation she felt may be due to the sudden and intense rate 
of increase of temperature as opposed to unquantifiable change as mentioned 
above (Sturdee 1979). 
 
An increase in arm fluid which is indicative of increased vasodilatation has bee 
established (Sturdee 1978).  Accompanying the plethysmogram is a marked 
increase in heart rate and the electrocardiogram that signify the trend of 
sympathetic nervous system activation in the hot flush.  As the hot flush endures, 
there is a noticeable decrease in the heart rate and electrocardiogram unlike the 
plethysmogram which detects no decrease in arm fluid.  The behavior of this hot 
flush can not be determined due to the discontinued figures; the pattern of the hot 
flush may be rhythmic specific to an individual unique to their symptoms, 
triggers, etc (Sturdee 1978).  

 
Rat Thermoregulation 
 
Different from humans, rats do not hot flush; however, they do present as advantageous 
animal models with respect to their thermoregulatory system.  When choosing an animal 
model, the physiology of the model is compared to the organism of interest where the 
difference between the physiological system in question demonstrates insignificant 
difference.  For example, relative to humans, rat core temperature is approximately 
equivalent (~37°C) (Gordon 1990).  Additionally, the rat’s tail is ideal to measure tail 
skin temperature due to its hairlessness, large surface to volume ratio, and large 
cutaneous blood vessels.  Two rat models are defined to measure such vasomotion 
(significant to the hot flush): 



 
Ovariectomized model:  This model reflects the ovarian failure that defines 
menopause.  Without the ovaries, the rat will experience increased heat 
dissipation; tail skin temperature can be measured to calculate this.  However, the 
ovariectomy is not menopause.  Menopause is progressive as opposed to the acute 
ovarian loss induced on the rats.  Additionally, rats don’t experience hot flushes.  
This is the best model for vasodilatation; we will use this model for the study. 
 
Morphine withdrawal model:  This model attempts to reflect increased heat 
dissipation according to the prevalence of hot flushes during the LH pulse.  When 
given a dosage of naloxone (a morphine suppressant), the rats experienced 
increased LH secretion as well as increased heart rate and tail skin temperature 
(Simpkins, Katovich et al. 1983).  The neuroendocrine and autonomic responses 
were compared to those that characterize the hot flush.  However, another study 
demonstrated that the drugs aren’t responsible for the symptoms--the effects of 
the ovariectomy is cause (Berendsen, Weekers et al. 2001).  Thus, this is a fallible 
model.  

 
Although the chosen rat model is well-defined to quantify thermoregulation, there are 
apparent discrepancies (Gordon 1990).  Rats are nocturnal animals; their tail skin and 
core temperature changes between the light and dark phase (active phase).  During the 
light phase, tail skin temperature is increased and core temperature is decreased, but 
during the dark phase, the opposite is true.   
 
A number of mechanisms activate and cooperate to serve as the rat’s thermoregulation.  
The fur of the rat acts as insulation especially during shivering thermogenesis when the 
arrector pili muscles contract effectively trapping more heat (Gordon 1990).  Activation 
of shivering thermogenesis occurs more closely to thermoneutrality; non-shivering 
thermogenesis occurs otherwise (Gordon 1990).  Use of brown adipose tissue (BAT) acts 
as another source of heat production defined under non-shivering thermogenesis.  The 
BAT is innervated by the sympathetic nervous system to produce a critical amount of 
heat when stimulated by cold (Gordon 1990).   Additional compensatory measures 
include behavioral changes: increased movement or burrowing, balling up, etc (Gordon 
1990).  Grooming is also a means to control temperature via evaporative heat loss.  The 
goal of these thermoregulatory systems is to keep the core temperature relatively stable 
(Gordon 1990).   
 
Relative to core temperature, there is an upper and lower limit where the blood vessels 
are either fully dilated or constricted, respectively; these are the parameters that define 
the rat’s thermoneutral zone.  When ambient temperature is mediated between these two 
limits, there is dynamic vasomotion where the blood vessels are dilating and constricting 
constantly where complete dilation is sweating and complete constriction is shivering.  
Specific to this study, there are three temperatures published that demonstrate the 
different levels of thermoneutrality:  20, 24, and 31°C (Dacks and Rance 2010).  These 
temperature will be used in three difference rat groups: saline-implanted ovariectomized 
rats (OVX), 180 µg/ml 17β estradiol-implanted ovariectomized rats (OVX+LE), and 360 



µg/ml 17β estradiol-implanted ovariectomized rats (OVX+HE).  The OVX rats are 
expected to demonstrate vasoconstriction, fluctuating vasomotion, and increased dilation 
at 20 (sub neutral), 24 (neutral), and 31°C (high neutral), respectively.  The OVX+LE 
and OVX+HE are expected to demonstrate vasoconstriction, vasoconstriction, and 
fluctuating vasomotion at 20 (sub neutral), 24 (sub neutral), and 31°C (neutral), 
respectively.  Although the OVX+LE and OVX+HE rats are expected to demonstrate the 
same vasomotion, they are expected to do so at varying quantities.  These temperatures 
are mild stimuli that will cause specific vasomotion according to their defined 
thermoneutrality if 17β estradiol affects vasodilatation (Dacks and Rance 2010).    
 
Reproductive hormones, such as estradiol, change in a rat over the course of 4 days 
(proestrous, estrous, diestrous I, diestrous II); this is called the estrous cycle, which is 
analogous to women and the menstrual cycle.  Figure 2 (see appendix) indicates the core 
and tail skin temperature changes during the estrous cycle.  The previously stated changes 
in core and tail skin temperature are true as this figure demonstrates rat circadian rhythm.  
However, there is a trend of stability in the tail skin temperature during proestrous.  This 
is demonstrative of the complexities of the unknown thermoregulatory activity of 
reproductive hormones.    
 
The rat has an elaborate and dynamic thermoregulatory network just as humans do.  
Despite the difference between rats and humans, the rat proves to be an effective animal 
to model vasodilatation. 
 
Does Estradiol Affect Vasodilatation? 
 
As stated above, estradiol is an effective treatment for hot flushes.  Because hot flushes 
are characterized by the acute increased vasodilatation in post-menopausal women, and 
menopause is characterized by ovarian failure, the ovariectomized rat model will be 
adopted.  Physiological doses of estradiol will be implanted and the above-stated ambient 
temperatures will be applied in a controlled and restrain-free environment.  We 
hypothesize that estradiol will cause decreased vasodilatation in the ovariectomized rat.  
Past literature describes estradiol as a vasodilator system activator; estradiol plays a role 
in temperature regulation (Hosono, Chen et al. 2001; Charkoudian 2003).   
 
Methods  
 
Animals 
 
Female rats (Harlan Sprague-Dawley) between 150-200g were used in the following 
experiments between the hours of 08h00 and 15h00 in protocols approved by the 
University of Arizona Animal Care and Use Committee, which adheres to NIH 
standards.  The rats were housed in the University’s Animal Care Facility on a 12:12-h 
lighting schedule at ~70°C with free access to low phytoestrogen food and water.  Rats 
were handled and habituated to the experiments during at least 5 sessions over 10 days.   
 
 



Surgery 
 
The rats were anesthetized with an intramuscular injection of a cocktail administered 
at0.6ml/kg (xylazine 10.7mg/mL, ketamine 33.3mg/mL, acepromazine 1.3mg/mL), and 
then ovariectomized and a Subcue temperature datalogger implanted in the peritoneal 
cavity.  Ten days post-ovariectomy, the rats were anesthetized with isoflurane and 
received a subcutaneous implantation of two Silastic capsules (30mm, 1.57 mm ID, 3.18 
mm OD; Dow Corning) containing either 17β estradiol in sesame oil for low estrogen 
(LE) and high estrogen (HE) (LE: 180 μg/mL and HE: 360 μg/mL) or saline.  These 
concentrations were used because they have been found to yield physiological 
concentrations of estradiol in the rat after sacrifice. The ends of each capsule were 
plugged with 5 mm of sterile wood and covered with Silastic medical adhesive (Dow 
Corning).    
  
Experiment: Effect of 17β estradiol on skin vasodilatation and core temperature at 
ambient temperatures 20, 24, and 31°C  
 
An IT-18 thermocouple (Physitemp, Inc.) was taped dorsally to the rats’ tail 6cm from 
the base to record tail skin temperature using autoclave tape and double sided tape with 
additional tubing to protect the rest of the thermocouple.  The rats’ tails were fitted with a 
T-Tube to protect the thermocouple.  The thermocouple was taped to a swivel and 
plugged into a Madgetech datalogger.  The rats inhabited nalgene grid cages 6”x 6”x4” 
with food and water ad libitum.  The rats were unrestrained during recordings to reduce 
stress.     
 
Core (recorded every 15 minutes) and tail skin temperature (recorded every 5 seconds) 
were recorded from 11 ovariectomized (OVX), 11 ovariectomized with low estrogen 
(OVX+LE), and 11 ovariectomized with high estrogen (OVX+HE) rats at 3 ambient 
temperatures: 20, 24, and 31°C in an environmental chamber.  Rats were tested at one 
ambient temperature every other day with an hour to acclimate from 20°C.  All 
recordings were performed 11 to 25 days after capsule implantation in a random 
sequence of ambient temperatures.    
 
Analysis 
 
Skin vasodilatation was indirectly estimated by heat loss index (HLI), calculated by:  
 

Tail skin temperature – Ambient temperature 
Core Temperature – Ambient temperature  

 
By examining HLI instead of tail skin temperature as an indirect measure of skin 
vasomotion, the direct passive effects of core and ambient temperature are eliminated.  
As skin vasoconstriction occurs, tail skin temperature drops closer to ambient 
temperature bringing the HLI closer to 0 because tail skin temperature will be 
approximate to ambient temperature.  When vasodilatation occurs, tail skin temperature 
increases to approach core temperature, thereby raising HLI to a theoretical maximum of 



1 because the blood vessels are more representative of the core temperature in order to 
maximize heat dissipation.  Determining the ambient temperature where skin 
vasodilatation is initiated involves the HLI range plotted against ambient temperature. 
 
Two-way ANOVA testing was performed to determine the significance of the effect of 
estrogen and ambient temperature on tail skin temperature and core temperature as well 
as examine the estrogen and ambient temperature interactions. 
 
 
Results 
 
The figures illustrate the effects of 17b estradiol on core temperature and HLI at the 
following ambient temperatures: 20, 24, and 31°C.  The groups are represented as 
averages for OVX (n=11), OVX+LE (n=11), and OVX+HE (n=11) for each ambient 
temperature.  
 

 
 
 



 
 
The effects of ambient temperature and 17β estradiol on core temperature are shown in 
Figure 3.  At all ambient temperatures, there is no significant effect of 17β estradiol or 
ambient temperature on core temperature in any group.  Between the 17β estradiol groups 
at any ambient temperature, there is no significant effect of 17β estradiol or ambient 
temperature on core temperature.   
 
The effect of ambient temperature and 17β estradiol on HLI is shown in Figure 4.  
Ambient temperature significantly increases HLI in all groups (signified by *).  At 20 and 
24°C, there is no effect of 17β estradiol on the HLI values.  However, at 31°C, 17β 
estradiol significantly decreases the HLI in the OVX+HE group (p<0.005) (signified by 
†).   
 
 
Discussion 
 
Exaggerated vasodilatation is a vital characteristic of the hot flush, a thermoregulatory 
dysfunction, in post-menopausal women.  In this experiment, we ovariectomized rats, 
implanted them with capsules, and quantified their vasodilatation at 20, 24, and 31°C.  
Although the ovariectomized rat is not a model for menopause, their lack of ovaries 
mimics the non-functioning ovaries of the post-menopausal woman.  For this reason, the 
ovariectomized rats (OVX, OVX+LE, OVX+HE) may respond to 17β estradiol and 



ambient temperature in a manner comparable to that of a post-menopausal woman 
because estradiol is implicated in thermoregulation.  We hypothesized that 17β estradiol 
would decrease vasodilatation in ovariectomized rats.  We used to HLI to estimate 
vasodilatation and found that HLI is decreased at 31°C.   
 
Core temperature is not changed by 17β estradiol.  Because 17β estradiol failed to change 
core temperature, it is evident that 1) core temperature was kept stable due to the 
vasomotor compensatory measures and 2) the rats’ thermoregulatory system was 
functioning appropriately (Freedman 2002; Dacks and Rance 2010).  In post-menopausal 
women, hot flushes, the result of having virtually no estradiol, do not affect core 
temperature (Dacks and Rance 2010)#.  The hot flush does not agitate core temperature 
similar to how the OVX rats’ heat dissipation does not change core temperature relative 
to the 17β estradiol groups.  The hot flush does not agitate core temperature in post-
menopausal women as increased heat dissipation does not affect core temperature in the 
ovariectomized rat (OVX, OVX+LE, OVX+HE). 
 
Ambient temperature does not affect rat core temperature.  Ambient temperature acts as a 
stimulus to activate internal temperature controls.  This regulation occurs in order to 
maintain a relatively stable core temperature.  Because the rats did not experience change 
in their core temperatures at the different ambient temperatures, the core temperature 
measurements are accurate demonstrating a functioning thermoregulatory system (one 
that stabilizes core temperature) (Freedman 2002).  Concerning the post-menopausal 
woman, she will not experience a change in core temperature when ambient temperature 
increases.  Skin temperature will increase (as is usual) and, perhaps, trigger a hot flush 
(Freedman, Norton et al. 1995). 
 
HLI increases as ambient temperature increases.  The HLI quantified the rats’ 
vasomotion across the different ambient temperatures (20, 24, and 31°C).  According to 
the increases in HLI, there is perceptible vasodilatation occurring in magnitudes visually 
proportional to the ambient temperature increase that compensates to stabilize core 
temperature.  The different groups of rats increased vasomotor activity according to their 
differing tolerance of the increasing ambient temperatures.  Ambient temperature affects 
skin temperature in humans.  Skin temperature reflects the compensatory measure 
(shivering, sweating, dynamic vasomotion) that maintains core temperature 
(Romanovsky 2007).  In post-menopausal women, compensatory measures may be 
exaggerated due to less tolerance to ambient temperature, which may trigger a hot flush 
(Deecher and Dorries 2007).   
 
Estradiol does not change HLI at 21 or 24°C.  At 21 and 24°C there was no significant 
change between the groups of rats regardless of estradiol concentration.  The rats’ 
increasing vasomotor activity did not significantly affect the increasing HLI.  At these 
temperatures, none of the rat groups are at the upper extreme of the thermoneutral zone; 
thus, all rats are dynamically vasodilating and vasoconstricting.  Between the limits of the 
TNZ, there is constant vasomotion in order to maintain a relatively stable core despite 
internal and external factors.  Concerning the post-menopausal woman, the TNZ is 
narrower than that of the pre-menopausal woman (Freedman and Krell 1999)#.  This is 



demonstrated by decreased ambient temperature intolerance where exaggerated responses 
occur (i.e. the hot flush) β(Freedman 2005).  
 
At 31°C, 17β estradiol decreases HLI.  The OVX+LE and OVX+HE rats experienced 
decreased vasodilatation indicating 17β estradiol as a component in thermoregulation.  
HLI decreases as the concentration of estradiol increases; this is comparable to a dose-
response curve.  Additionally, the OVX+LE and OVX+HE rats experienced a decreased 
HLI compared to the OVX rats that seem to reflect a shifted TNZ.  As previously 
described, the post-menopausal woman has a relatively more narrow TNZ; this is cause 
for decreased upper limit (Freedman and Krell 1999).  The limit acts as the new boundary 
of ambient temperature tolerance where the woman will vigorously vasodilate promoting 
a hot flush.   
 
Hosono et al. examined the effect of estradiol and ambient tempearture on vasomotor 
activity as well (Hosono, Chen et al. 2001).  Important differences include the following: 

Ambient temperatures used: 13, 16, 19, 22, 25, 28, and 31°C.  These temperatures are 
arbitrary and meant to only roughly demonstrate vasomotor activity. 

Assay concentrations of estradiol benzoate reported (95.6 ± 5.6 pg/ml).  This 
concentration is not physiological (25 pg/ml) where low estradial = saline 
implanted rats and replaced estradiol = 2mg estradiol benzoate implanted rats. 

Measure of vasomotor activity (tail skin temperature - ambient temperature).  This does 
not account for core temperature affects on tail skin temperature, failing to 
demonstrate a realistic estimate of vasomotor activity. 

These difference may be causative of the mostly incomparable results.  At ambient 
temperatures ranging from 19 - 25°C, the low estradiol rats experienced increased 
vasomotor activity compared to the replaced rats.  In the present study, there is increased 
vasomotor activity in the OVX (at 31°C).  At 13 and 16°C, all rats were found to be close 
to full vasoconstriction.  At 28 and 31°C, all rats were found to be close to full 
vasodilatation.  This Hosono study did not demonstrate a shifted TNZ since there was no 
recorded difference in the upper and lower limits between the low and replaced estradiol 
rats, which is important in indicating estradiol in thermoregulation. 
 
In order to understand the role of estradiol in thermoregulation, it is essential to examine 
the brain.  For this reason, future investigations could demonstrate brain activity.  In 
humans, the brain hosts internal thermosensitive neurons: warm and cold.  Warm-
sensitive neurons are abundant and increase in activity by warm stimulation.  There are 
less cold-sensitive neurons, which increase in activity by the inhibition of warm-sensitive 
neurons.  The abundance of warm-sensitive neurons correlates with core temperature and 
its proximity to the temperatures that cause protein degradation and freezing where core 
temperature is proximal to protein degradation (Romanovsky 2007).  Therefore, 
increased core temperature is more dangerous than the latter.  Although these neurons are 
found in various areas of the central nervous system (pons, midbrain, medulla oblongata, 
and spinal cord), it is the thermosensitive neurons of the  POA that elicit essential 
temperature regulatory responses (Romanovsky 2007).  Publication of POA 
thermoeffector activation determined that cooling or warming necessitated the activity of 
the warm-sensitive neurons similar to the above description (Romanovsky 2007).  



Periphery thermosensitive neurons are in the skin where the neurons are located from 
superficial to deep: cold-sensitive, warm-sensitive.  These neurons readily allow for 
acclimation to normalize skin temperature.  Other periphery thermosensitive neurons are 
found in the esophagus, stomach, and other organs and respond to core temperature 
change.  Again, because increased core temperature is vital to control, different 
thermoregulatory measures result (Romanovsky 2007).   
 
In rats, warm- and cold-sensitive neurons receive the appropriate stimuli for both 
shivering and non-shivering thermogenesis (Romanovsky 2007).  Located in the POA, 
both types of neurons are excitatory in the rat where warm stimuli actives the warm-
sensitive neurons and the cold stimuli activates the cold-sensitive neurons.  This is 
different from humans where the cold inhibits warm-sensitive neurons (Romanovsky 
2007).  Depending on this stimulation as well as autonomic stimulation, the blood vessels 
respond to conserve or lose heat; however, rats respond actively by dilating as opposed to 
both dilating and constricting.  In order to quantify the activity of these thermoeffector 
neurons, the FOS protein can be used.  The FOS protein is a marker capable of indicating 
brain activity.  If FOS were counted where regions of the brain were specified, the 
regions with more FOS would indicate greater activation.  The same experiments 
conducted in this study could be repeated for 1) new data to analyze and compile with the 
current data as well as 2) parallel analysis of brain activity, especially the POA, according 
to vasomotion responses.          
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