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Abstract
Human females are more sensitive than males to brief nociceptive stimuli such as heat and cold.
However, a more pronounced peripheral vasoconstriction by females than by males during prolonged
nociceptive stimulation predicts that females would be more sensitive to prolonged cold but not heat
stimulation. We tested this possibility with reflex (lick/guard) and operant escape and preference
tests of sensitivity to prolonged stimulation of Long-Evans and Sprague-Dawley rats.

Escape responses to cold stimulation revealed a greater sensitivity of females. In contrast, males were
more sensitive to nociceptive heat stimulation. An operant preference test of relative sensitivity to
cold or heat stimulation confirmed these results. Cold was more aversive than heat for females, but
heat was more aversive than cold for males. Recordings of skin temperature during nociceptive heat
stimulation were consistent with the results of operant testing. A reduction in skin temperature
(peripheral vasoconstriction) during nociceptive stimulation should increase cold sensitivity as
observed for females relative to males.

Lick/guard testing did not confirm the results of operant testing. Lick/guard (L/G) responding to
nociceptive heat stimulation was greater for females than for males. Female escape responses to heat
were more variable than males, but L/G responding of males to the same stimulus was more variable
than for females.

Perspective—A variety of chronic pain conditions are more prevalent for females, and
psychological stress (with attendant sympathetic activation) is implicated in development and
maintenance of these conditions. Therefore, understanding relationships between gender differences
in pain sensitivity and sympathetic activation could shed light on mechanisms for some varieties of
chronic pain.
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Introduction
Females are more vulnerable than males to development of numerous chronic pain conditions
– e.g., fibromyalgia, temporomandibular joint pain, back pain, irritable bowel syndrome,
headache and arthritis4;39. Such differences in susceptibility have generated considerable
interest in the relative nociceptive sensitivity of males and females. Presumably, the idea has
been that individuals with high pain sensitivity when healthy are most likely to express chronic
pain in response to pathology. Overall, studies of elicited pain in normal human subjects have
reported a greater sensitivity of females – usually documented as lower thresholds and less
pain tolerance39. However, differences in psychological state of human males and females,
some of which are inherent to experimental testing situations, have contributed to variable
results of human studies of pain sensitivity13;16;22;24;26;31;40. Also, different methods of
experimental stimulation have produced inconsistencies between studies in the relative pain
sensitivity of males and females39. Given these sources of variability, it has been difficult to
identify physiological characteristics of each sex which could account for a greater pain
sensitivity of human females across all psychological states and stimulus conditions.

Numerous investigations of humans have revealed sex differences in autonomic tone and
reactivity. At rest, measures of heart rate variability indicate that the sympathetic nervous
system is dominant for tonic central regulation of blood pressure and heart rate of males but
not females6;9;14;20;21;30;42;52. However, cutaneous blood flow and skin temperature are
lower for females at rest5;12;15;25;32;34, suggesting greater tonic sympathetic activation of
females’ peripheral vasculature. Differences in autonomic expression are evidenced also
during experimental conditions that phasically activate the sympathetic nervous system (SNS).
This is important, because the SNS is organized to deal with threatening external events. In
response to stressful experiences or sensations such as pain, heart rate and blood pressure are
increased for males more than females9;16–18;21;41;44. In contrast, particularly in warm
environmental conditions that attenuate tonic sympathetic tone, phasic cutaneous
vasoconstriction is observed for females more than males3;8;9;12;18;32;33.

The patterns of autonomic tone and responsivity for males and females indicate that uniform
sex differences in thermal pain sensitivity across all stimulus conditions might not be observed.
Rather, sex differences could depend on stimulus temperature. At neutral environmental
temperatures, baseline skin temperature of females is typically is low, due to cutaneous
vasoconstriction, which can be exacerbated by stressful (e.g., painful) situations. A prediction
from these effects on cutaneous vasculature and skin temperature is that females would be
especially sensitive to cold1 and less sensitive to heat. Also, because of estrus influences on
autonomic reactivity and pain sensitivity3;7;10;19;21;23;28;38;41;43, female responses to
nociceptive stimulation should be more variable. However, sex differences have not been
revealed by reflex tests that are commonly used for evaluation of the nociceptive sensitivity
of rodents35,36. Reflex responses are subserved by spinal and brainstem levels of the neuraxis
and cannot assess potential sex differences in cerebral processing of pain27,48–52. Therefore,
the present study evaluated nociceptive sensitivity with operant escape tests and compared the
results with reflex tests of female and male rats, using nociceptive heat and cold stimulation.
Psychophysical testing of lab animals bypasses the factor of psychosocial influences on pain
sensitivity.

Materials and Methods
Male and female rats of two strains (Long-Evens hooded and Sprague-Dawley hairless) were
maintained in groups of 3 or 4 in large enclosures (32 in high, 18 in wide, 24 in deep) with
enrichments. Hairless rats are well adapted to facial testing, which requires depilitation to
ensure optimal thermal stimulation. In order to determine the generality of the sex differences
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with stimulation of facial and glabrous skin, and to compare hairless and furred strains with
possible differences in thermoregulation, the sensitivity of the paws to thermal stimulation was
evaluated for both hairless and hooded rats. Food and water were provided ad libitum to the
hooded rats in the enclosures. Hairless rats were food deprived for 13–15 hours before facial
testing sessions but had ad libitum access at all other times; Ad libitum food was provided on
days not involving facial testing. Weights were recorded weekly to monitor general health. All
experimental procedures were approved by the University of Florida Institutional Animal Care
and Utilization committee and conformed to National Institutes of Health guidelines for care
and use of experimental animals.

Behavioral testing: Thermal stimulation of plantar skin
Escape testing—The apparatus for escape from thermal stimulation of the paws consisted
of a dark (0.5 foot candles) area (6 in. wide, 8 in. long) with a thermally regulated floor (plate
compartment) and a brightly lit (3200 foot candles) area (6 in wide, 6 in long) with a thermally
neutral escape platform (escape compartment). The animals could pass freely from
compartment to compartment, choosing between thermal stimulation in the dark platform area
and bright light over the escape platform. Occupancy of the escape platform was detected by
microswitches and was timed by proprietary software. The apparatus was ventilated with room
air to minimize differences in ambient temperature between compartments.

After a period of acclimation to the testing apparatus, 23 male and 20 female Long-Evans
(hooded) rats and 6 male and 6 female hairless Sprague-Dawley rats were trained to escape
from nociceptive thermal stimulation according to methods previously reported49–51.
Training progressed gradually with exposure to nociceptive stimulation. First, the animals were
adapted to the testing apparatus with the plate at neutral temperatures and the light off in the
escape compartment. Then, on alternate days without light in the escape compartment, heat or
cold stimulation was changed from 36°C to 44°C in 2°C increments or from 36°C to 20°C,
15°C, 10°C and then 5°C. The same sequence of temperatures was then presented over days
with the light on in the escape compartment. Three weeks of testing on a fixed schedule (see
below) were conducted to stabilize performance before data collection.

Lick/guard testing—Reflexive lick/guard (L/G) responding of the hooded rats was
evaluated in a ventilated 6 in. by 8 in. enclosure with a heated floor and no escape option.
Training of L/G reflex responding is not required, but the duration of responding can change
over time with repeated testing. Therefore, L/G testing was conducted for two weeks before
data collection began. Durations of licking and guarding were entered into a spreadsheet by a
technician-observer, using proprietary software. Licking of either hindpaw is a stereotyped
response involving extension of one leg, holding the hindpaw with the forepaws and fanning
the toes. Guarding was scored when one hindleg was flexed and elevated in a posture distinct
from normal ambulation.

Pretest and test trials—Trial times for escape testing of hooded rats were 10 minutes and
for escape testing of hairless rats were 15 minutes. Lick/guard trial times were 10 minutes.
Daily test sessions consisted of two trials in adjacent test enclosures. The purposes of the first
daily trial (pretest) were to acclimate the animals to the testing environment and compare effects
of different histories of thermal stimulation on behavior in the second trial. For escape and L/
G testing of hooded rats, the plate temperatures in the two apparatuses were as follows for the
sequential daily trials: 36°C then 44.5°C or 0.3°C then 44.5°C. The 36°C pretest is neutral
(non-stressfull and non-nociciceptive) and stabilizes paw temperatures, and the 0.3°C is
stressful and nociceptive. Escape testing of hairless rats presented sequential trials of 10°C and
then 44.5°C or 44.5°C and then 10°C, with measurement of behavior in the second trial. These
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pretests simulated the alternation of cold and hot temperatures experienced in thermal
preference tests.

Thermal preference testing—Preferences for hot or cold stimulation of the paws were
evaluated in an enclosure with two 6 in. by 8 in. compartments. The floor of one compartment
was cold and the other was hot. In preliminary training sessions, temperatures were varied to
produce equal occupancy of the hot and cold sides for either males or females. For hooded
females, the temperatures used for data collection were 10°C and 45°C. The hooded males’
aversion for heat was such that a range of 10°C and 43°C was utilized. Hairless males and
females were tested with temperatures of 10°C and 45°C. After selection of the testing
temperatures, two weeks of testing preceded data collection for this study. With unrestricted
access to the compartments through a door in a dividing wall, the animals alternately heated
and cooled their paws. The time spent in each compartment was recorded by proprietary
software that detected light beam interruptions on each side of the dividing wall. Eight male
and 17 female hooded rats and 6 male and 6 female hairless rats were tested for thermal
preference. The animals were placed in an enclosure for 15 min. pretest trials with a floor
temperature of 36°C, to acclimate the animals to the testing environment and establish desired
paw temperatures. They then were placed on the cold side of the thermal preference enclosure
to begin a 15 min. test trial.

Behavioral testing: Thermal stimulation of the face
For operant testing of facial sensitivity, 6 male and 6 female hairless rats were trained to drink
sweetened condensed milk while making facial contact with a 37°C thermode37. The skin that
contacted the thermode during drinking was depilitated under light isofluorane anesthesia
(2.5%) once a week to maximize thermal transfer. The timing of each contact with the lick
tube was detected by an electronic circuit and recorded with DATAQ hardware and software.
Training sessions continued until liquid intake during a test trial was 10 g or greater. The
thermode temperature was set to 45°C, 48°C or 52°C in separate testing sessions, in order to
evaluate heat sensitivity over a range of suprathreshold nociceptive stimulus intensities. Trials
of facial sensitivity were continued until the animals became satiated and ceased drinking, but
the data utilized for analysis were generated before the rate of drinking declined because of
satiation. Events recorded during testing were transformed into numerical data using custom
written subroutines for Lab View (Texas Instruments, v. 7.1). Consistent with the operant test
of sensitivity to paw stimulation, escape duration was measured as pauses in licking. Licking
was a secure indication that an animal’s face was in contact with the thermode, and licking
interference was the most reliable indicant of escape.

Recording of skin temperature responses to thermal stimulation
Recordings of skin and body temperature were obtained from 10 male and 11 female hooded
rats and from 6 male and 6 female hairless rats. Each animal received a subcutaneous injection
of diazepam (10 mg/kg) and then was placed into an induction box where 3% isoflurane was
delivered. After induction of anesthesia, animals were placed on a 37°C thermal blanket and
covered. Anesthesia was maintained with 1.5% isoflurane via a nose cone. Rectal core
temperature was monitored continuously. A thermocouple was placed on the plantar skin of
the left forepaw for recording of skin temperature. The thermocouple tip was contained within
20 mm2 wells of thermoconductive paste in adhesive foam pads. Skin temperature and rectal
core temperature were observed until stable (usually 15 minutes). Then a 2.5 cm by 2.5 cm
square thermode, preheated with circulating water, was strapped in contact with the plantar
surface of the left hindpaw. Skin and core temperatures were recorded during 10 min of 44.5°
C stimulation and for an additional 10 min after removal of the thermode from the left hindpaw.
All temperature recordings were obtained and stored using a precision thermocouple system
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(GEC Instruments, Gainesville, FL). After anesthesia was discontinued, animals were observed
until alert and fully recovered and then were returned to their communal enclosures.

Data acquisition and statistical analysis
For analysis of behavioral performance during stimulation of the paws, the duration of
responding to thermal stimulation was recorded. The overall duration of escape platform
occupancy and the total duration of lick/guard responding to 44.5°C were utilized to compare
differences between male and female hooded rats for the operant and reflex tests. The
cumulative duration of escape platform occupancy was plotted to reveal sex differences in
operant responding of hairless rats to 10°C and 44.5°C. Thermal preference of hooded and
hairless rats was quantified by subtracting successive durations of occupancy on the cold plate
from successive durations on the hot plate during a trial. Accordingly, a cold aversion (heat
preference) was evident as a progressive accumulation of positive durations and a heat aversion
(cold preference) by accumulation of negative values, response by response.

The frequency of licking is extremely regular and stereotyped for rats, permitting detection of
pauses (escape) by setting a criterion for inter-lick intervals. In the present study, the average
inter-lick interval was 0.19 sec for females (0.17 sec standard deviation) and 0.17 sec for males
(0.19 sec standard deviation), calculated over thousands of lick intervals less than 5 sec. Based
on these observations, the criterion for a pause in licking was conservatively set at 1 sec.

Skin and core temperature responses to nociceptive heat stimulation were expressed relative
to the baseline temperature recorded immediately before contact of the thermode with the left
hindpaw. Skin and core temperatures were sampled at 0.1 sec intervals and averaged over 2.5
min. periods within 20 min. recording sessions.

Statistical tests utilized Statistica software (StatSoft, Inc., Tulsa OK). T-tests compared overall
escape or L/G durations for male vs. female hooded rats (Figure 1), coefficients of variability
for escape of hooded rats and resting core and skin temperatures (Table 1). Repeated measures
analysis of variance (ANOVA) was utilized for all other statistical tests. A probability level of
0.05 was applied throughout for significance.

Results
Figure 1 shows that male and female hooded rats differed in their sensitivity to a low level of
nociceptive heat stimulation. The total duration of escape responses within 44.5°C test trials
is shown for males and females. The duration of operant escape from 44.5°C was significantly
greater for males (top panel) when preceded by a pretest trial of 36°C (t=7.91, df=41, p<0.001)
and especially when preceded by 0.3°C (t=14.56, df=41, p<0.001).

The variability in operant responses by males and females to 44.5°C stimulation is depicted in
Figure 2 (top panels) with frequency histograms and associated coefficients of variability (CV
= standard deviation / mean). The histograms show the frequency of total escape durations that
fell within 50 sec bins of all the 600 sec test trials presented to males and females. The statistical
significance of sex differences in variability of operant responding was evaluated by t-tests for
independent groups, comparing CVs of individual animals across test trials. Coefficients of
variability for escape responding to 44.5°C were significantly greater for females than for males
when preceded by a pretest of 36°C (t=7.91, df=41, p<0.001) and especially when preceded
by 0.3°C (t=14.56, df=41, p<0.001).

The variability of female escape durations was significantly increased by the 0.3°C pretest (t-
test for dependent means; t=2.94, df=19, p=0.008). The frequency histograms of response
durations shown in Figure 2 reveal a substantial transformation from a normal distribution of
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female escape durations after a 36°C pretest, to a highly skewed distribution after a 0.3°C
pretest. The peak of female response durations shifted from the 300–350 sec. bin for test trials
after 36°C to the 0–50 msec bin after 0.3°C. Thus, the altered distribution of female escape
durations after cold preconditioning was associated with reduced heat pain sensitivity. The
mean escape duration for 44.5°C was significantly less after the 0.3°C pretest, compared to the
36°C pretest (t=3.94, df=38, p<0.001; Figure 1, top panel). An effect of cold preconditioning
on escape responding to 44.5°C was not observed for males.

Reflex responding to 44.5°C (Figure 1, bottom panel) was greater for females than for males
when preceded by a 36°C trial (t=2.09, df=41, p=0.04) or a 0.3°C trial (t=4.92, df=41, p<0.001),
in contrast to escape durations, which were higher for males (Figure 1, top panel). Also, cold
preconditioning of females significantly increased L/G responding to 44.5°C, compared to the
36°C pretest (t=3.92, df=19, p<0.001), in contrast to escape from 44.5°C which was decreased
by the 0.3°C pretest. Thus, sex differences in reflex responding to 44.5°C were opposite to
greater escape responding by males, and a sensitizing effect of cold preconditioning on L/G
responding of females was opposite to a desensitizing effect on escape.

Substantial differences in escape and L/G responding are revealed by the frequency histograms
in Figure 2. Because L/G testing did not offer an escape option, considerably more nociceptive
stimulation was received during L/G trials than during escape trials. Despite this difference,
the total duration of L/G responding to 44.5°C rarely exceeded 150 sec. In contrast, total escape
duration usually exceeded 150 sec (ranging from 100 to 550 sec for females and 250 to 550
sec for males) when preceded by 36°C. The L/G reflexes removed a hindpaw from the thermally
regulated plate, but hindlimb flexion was not used by the animals to escape 44.5°C stimulation
during most of the 44.5°C test trials.

Figure 3 presents the accumulated duration of escape, response by response, during test trials
of hairless rats trained to escape from 10°C after a pretest trial at 44.5°C and from 44.5°C after
a pretest trial at 10°C. The accumulated escape duration plateaued when the maximum number
of responses for the group was reached. Consistent with tests of hooded rats, escape durations
of male rats were significantly greater than females when tested at 44.5°C (F=36.41, df
between=1, df within= 9, p<0.001). In contrast, the escape durations of female rats were
significantly higher than males when tested at 10°C (interaction: F=7.96, between df=1, within
df=9, p<0.001).

Given that escape testing revealed a greater sensitivity of males to heat but a greater sensitivity
of females to cold, it follows that a similar sex difference should be observed for thermal
preference testing. Figure 4 shows this to be true for both hooded rats (top panel) and hairless
rats (bottom panel). Thermal preference is shown, response by response, as difference scores
(heat – cold duration for the first occupancy within each side of the test chamber, then heat -
cold duration for the second occupancy, etc.). Thermal preferences differed between the two
strains, but for each strain females spent more time on the heated side than males, and males
spent more time on the cold side than females (the heat – cold values were higher for females
than males). Hairless females exhibited a strong cold aversion (positive values, bottom panel)
when tested with 10°C vs. 45°C, but the hairless males did not exhibit a cold aversion for the
same temperatures (interaction: F=6.23, between df=1, within df=14, p<0.001). The hooded
males were tested at 10°C vs. 43°C because of a strong heat aversion (negative values) they
demonstrated on the task. Female hooded rats did not demonstrate the heat aversion, even when
paired with a higher level of heat (45°C) than the males (43°C). The difference in preference
for hooded males and females was statistically significant (interaction: F=5.77, between df=1,
within df=14, p<0.001). Thus, the same relative aversions were observed for hairless and
hooded rats (heat aversion for males and cold aversion for females).
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The hairless rats were tested for facial pain sensitivity to evaluate sex differences for stimulation
of non-glabrous skin. The principal measure for facial sensitivity testing was the duration of
interruptions in drinking, which is comparable to the duration of platform occupancy to escape
from stimulation of the paws. For paw stimulation, bright light provides motivation to return
to the thermal plate. For facial stimulation, hunger and thirst motivate the animals to return to
thermode contact. Consistent with paw stimulation, males were hypersensitive to nociceptive
heat stimulation of the face, relative to females. Figure 5 reveals significantly greater escape
times (pauses in drinking) for males when the thermode temperature was 45°C (interaction:
F=3.58, between df=1, within df=39, p<0.001), 48°C (interaction: F=3.14, between df=1,
between df=39, P<0.001) or 52°C (interaction: F=8.98, between df=1, within df=39, P<0.001).

A final test for the hooded and hairless rats was conducted to determine whether the behavioral
performance of males and females in response to nociceptive heat stimulation was associated
with different levels of sympathetic responsivity to the same stimulus. Figure 6 plots changes
in left forepaw skin temperature (relative to a stable pre-stimulation baseline) during and after
stimulation of the left hindpaw with 44.5°C for 10 min (top panels). Female hooded and hairless
rats both responded with a drop in forepaw skin temperature that developed gradually during
stimulation and then returned to baseline. In contrast, forepaw skin temperatures of male rats
remained near baseline during heat stimulation and then increased during the last 10 min of
recording. The differences in skin temperature response profiles for males and females were
statistically significant (hooded: interaction: F=5.98, between df=1, within df=8, p<0.001)
(hairless: interaction: F=3.43, between df=1, within df=8, p=0.003). These effects of
nociceptive stimulation are presumed to result from sympathetic activation, cutaneous
vasoconstriction and skin cooling by females that was absent or minimal for males. Core
temperatures increased slightly for all animals throughout the recording sessions and did not
differ between sexes (bottom panels).

Table 1 presents stabilized baseline core and left forepaw skin temperatures for the hooded and
hairless rats, recorded immediately prior to thermal stimulation of the left hindpaw. Core
temperatures were similar and not significantly different for males and females of each strain.
Similarly, skin temperatures were insignificantly different for male and female hairless rats.
Baseline skin temperatures were higher for hooded male rats than for females (t=3.76, df=19,
p=0.001). Lower baseline skin temperatures for hooded females do not account for their
responsivity to nociceptive stimulation, which should be greater for high resting temperatures.
Considering both strains, baseline core and skin temperatures appeared not to be a factor in the
greater responsivity of females to nociceptive stimulation.

Discussion
Investigations of sex differences in pain sensitivity of humans have concluded that females are
generally more sensitive39, which is consistent with a relative prevalence of chronic pain
conditions among women4;46. A separate literature has described sex differences in resting
sympathetic tone and reactivity to experimental conditions that are stressful (see introduction).
The studies of autonomic balance predict that females should be more sensitive to cold and
less sensitive to heat. Accordingly, escape from nociceptive cold stimulation was greater for
female rats relative to males, and escape from nociceptive heat was greater for males relative
to females.

Sex differences in sensitivity of rats to nociceptive heat stimulation were demonstrated for
stimulation of facial skin and glabrous skin of the paws, as revealed by operant testing
paradigms. Males were more sensitive to nociceptive heat stimulation of the glabrous skin of
the paws or hairy skin of the face. The facial testing paradigm utilized hunger as a counteracting
motivation to escape from thermal stimulation, and escape from stimulation of the paws was
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discouraged by aversion for bright light. Thus, the greater sensitivity of males to heat
generalized across glabrous and hairy skin, strains, and positive (non-stressful food reward)
vs. negative (stressful bright light) motivation to receive nociceptive stimulation. Stimulation
of the paws revealed a greater sensitivity of females to nociceptive cold stimulation, with light
as the conflicting motivation. The opposite performance of males and females for escape from
cold and heat stimulation of the paws controls for possible sex differences in sensitivity to
bright light or stress. The thermal preference test confirmed these results with stimulation of
the paws but without food or bright light as motivators for repeated exposure to heat and cold.
Also, greater aversion of females for cold (heat preference) and males for heat (cold preference)
was observed for two strains of rats with different baseline sensitivities (hooded rats were more
sensitive to heat, and hairless rats were more sensitive to cold; Figure 4). The test of escape
from stimulation of the face demonstrated that sex differences for paw stimulation did not
represent a differential thermoregulation of the distal extremities. The greater aversion for cold
by females and for heat by males in the escape and preference tests controlled for potential
differences in activity levels or exploratory tendencies of males and females.

An important procedural factor that complicates interpretation of human studies is that
psychological state and experimenter/subject interactions can determine or influence sex
differences in sensitivity to brief presentations of nociceptive stimuli (see introduction).
Psychological state is not an issue for laboratory animal studies, and an advantage of automated
escape testing is that there is no interaction between the experimenter and the animals during
thermal stimulation. Without these psychological influences, the differential sensitivity of
female and male rats to cold and hot thermal stimulation was substantial, raising questions as
to why this has not been observed with quantitative sensory testing of humans. The answer
may have to do with the temporal progression of sympathetic activation, which is dependent
upon sluggish hormonal release. Figure 6 shows that at least 5 minutes was required to
differentiate between the skin temperature responses of males and females to nociceptive
stimulation. Therefore, continuous or repeated thermal stimulation within trials longer than 5
minutes may be required to reveal effects of autonomic regulation on pain sensitivity. These
conditions have rarely been met in human studies of pain sensitivity, but continuous ratings of
capsaicin pain reveal a greater sensitivity of females that develops after 5 minutes2;29.

The sex differences in sympathetic reactivity (skin temperature responses to nociceptive
stimulation) were consistent with the thermal pain sensitivity of males and females. The
enhanced peripheral vasoconstriction of females during nociceptive stimulation cools the skin.
After nociceptive cold stimulation, recovery to baseline skin temperatures would be opposed
by the vasoconstriction, and female escape durations were longer than for males. The opposite
would occur after nociceptive heat stimulation (faster recovery to baseline temperatures), and
escape durations of females were shorter than for males. However, L/G durations for females
were greater than for males during prolonged 44.5°C stimulation. Clearly, sex differences in
operant and reflex sensitivity to heat do not share the same mechanism.

Reflex measures do not substitute for operant tests of pain sensitivity, as demonstrated for a
variety of experimental manipulations27;48–51. In contrast to human studies, reflex measures
have not consistently revealed sex differences in sensitivity to nociceptive stimulation, using
short duration stimuli36. Also, reflex testing of many rodent strains has led to the conclusion
that female responding is not more variable than male responding35, and L/G responding in
the present study did not reveal a greater variability in responding by females that should result
from hormonal variations during the estrus cycle. In fact, males’ L/G responses were more
variable than females’ (Figure 2). However, consistent with expected influences of ovarian
hormones on autonomic reactivity and nociceptive sensations3;7;10;19;21;23;28;38;41;43,
operant testing revealed a greater variability of female escape durations. This was particularly
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the case following preconditioning cold stimulation, which increased the variability of female
responses to heat during operant testing but not during reflex testing.

Comparison of cold and heat sensitivity with operant methods of testing revealed sex
differences in nociceptive sensitivity that have implications for investigating mechanisms of
chronic pain. Some chronic pain conditions are associated with a differential sensitivity to heat
and cold. For example, heightened sensitivity of rats to cold but not heat is produced by chronic
constriction injury to peripheral nerves49. Cold allodynia is a frequent consequence of nerve
injury in humans11; autonomic dysregulation is commonly associated with nerve injury
pain45, and neuropathic pain is more prevalent among females than males4. In addition, tonic
sympathetic activation with cutaneous vasoconstriction has been associated with development
of fibromyalgia, which is prevalent among females47. Therefore, a combination of operant
testing for cutaneous cold and heat sensitivity and assessment of autonomic reactivity has the
potential to assess potential therapies or mechanisms for chronic pain conditions.
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Figure 1.
Total operant escape (top panel) and lick-guard (bottom panel) durations during trials with
44.5°C stimulation of the paws of 23 male and 20 female hooded rats. Each testing session
consisted of a 10 min. pretest exposure to 36°C or 0.3°C prior to a 10 min. test trial of 44.5°C
stimulation. Escape durations on test trials were significantly lower for females following both
pretest conditions. Female L/G durations were significantly higher following both pretest
conditions.
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Figure 2.
Frequency histograms of total escape durations (upper panels) and L/G durations (lower panels)
of 23 male and 20 female hooded rats during 44.5°C stimulation of the paws in test trials.
Coefficients of variability (CVs) for each distribution are listed with the legends. The
coefficients of variability for escape duration were higher for females, especially after a pretest
trial of 0.3°C stimulation, which skewed the distribution of female responses and shifted the
peak to the left. The variability of male L/G durations exceeded that of females. Male escape
and L/G durations were uninfluenced by the pretest temperature.
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Figure 3.
Escape durations of 6 male and 6 female hairless rats during 15 min. test trials at 10°C after a
15 min. pretest trial at 44.5°C (upper panel) and during 44.5°C trials after a pretest at 10°C
(lower panel). The cumulative durations of escape, response by response, show a progressively
greater sensitivity of females to 10°C, but males were more sensitive to 44.5°C throughout the
trial.
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Figure 4.
Thermal preferences for stimulation of the paws of 8 male and 17 female hooded rats (upper
panel) and 6 male and 6 female hairless rats (lower panel). Each plot was constructed by
subtracting the first time of occupancy on the cold plate from the first duration on the hot plate
and so forth, response by response, up to 15. The hooded females spent nearly equal time on
the hot (45°C) and cold (10°C) plates, but the males strongly preferred the cold side (relative
heat aversion), even though the hot plate temperature was set 2°C lower than for females. The
hairless males spent approximately equal time on the hot and cold plates, but the females
strongly preferred heat (relative cold aversion).
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Figure 5.
Cumulative durations of pauses in feeding are shown for 6 male and 6 female hairless rats
stimulated on the face by 45°C (top panel), 48°C (middle panel) or 52°C (bottom panel). All
three temperatures interfered with the feeding of males more than females. The pauses were
long and numerous for stimulation of the males with 52°C, which forced a strategy of numerous
short bouts of feeding to reduce the duration of each high intensity heat stimulus.
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Figure 6.
Skin and core body temperatures, relative to baseline, for 10 male and 11 female hooded rats
and 6 male and 6 female hairless rats during and after stimulation of the left hindpaw with
44.5°C for 10 min. For both strains, sustained nociceptive heat stimulation progressively
reduced the temperature of the left forepaw of females, but this response was minimal or absent
for males. Core temperatures increased slightly and comparably for males and females during
and after stimulation.
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Table 1
Baseline core and skin temperatures (Degrees C)
Baseline core and skin temperatures (degrees C) recorded immediately before application of thermal stimulation to the
left hindpaw of hooded and hairless rats. Skin temperatures were recorded from the left forepaw (LFP).

Hooded Hairless
Females Males Females Males

Core 37.4 (0.2) 37.8 (1.0) 37.0 (0.2) 36.8 (0.4)
LFP 35.3 (0.7) 36.7 (0.9) 34.8 (0.7) 34.6 (0.5)
Means (Standard Deviations)
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