
Background: We have previously shown that hot, humid air par-
tially reduces the early allergic response. Mechanisms for this
effect have been suggested, but none has gained universal accep-
tance. The most likely explanations are a modification of mucosal
temperature or a reduction in nasal secretion osmolality. 
Objective: We sought to investigate whether increasing the
nasal mucosal surface temperature by immersing feet in warm
water (WW) could decrease the immediate nasal response to
challenge with allergen.
Methods: We performed a randomized, 2-way crossover study
on 14 subjects with seasonal allergic rhinitis outside of their
allergy season. They immersed their feet in either WW (42°C)
or room-temperature water (RW; 30°C) for 5 minutes before
and during nasal challenge with diluent for the allergen
extract, followed by 2 increasing doses of allergen.
Results: There was a statistically significant increase in nasal
mucosal temperature from baseline after warming of feet
(WW, 1.9 ± 0.1°C, vs RW, 0.2 ± 0.1°C; P = .001), but there
were no significant differences in body temperature (WW, 0.1
± 0.1°C, vs RW, 0.4 ± 0.1°C; P = .1). Net changes from diluent
challenge for all parameters were compared between immer-
sion of feet in WW and RW. Immersion of feet in WW signifi-
cantly inhibited allergen-induced sneezes (WW, 5.7 ± 1.1, vs
RW, 11.6 ± 3.2; P < .01), human serum albumin levels (WW,
941.7 ± 172.2 µg/mL vs RW, 1524.8 ± 220.6 µg/mL; P < .01),
and secretion weights (WW, 30.5 ± 7.2 mg, vs RW, 41.8 ± 6.8
mg; P < .01).
Conclusion: Our data show that warming of feet decreases the
early response to nasal challenge with antigen. This inhibitory
effect is probably related to the increase in the nasal mucosal
temperature. (J Allergy Clin Immunol 1999;104:285-93.)
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The response to nasal challenge with allergen is less
severe in a chamber containing hot, humid air (tempera-
ture, 37°C; >90% relative humidity) compared with the
response at room temperature.1 The mechanism by
which preconditioning of the nose with hot, humid air
reduces the early allergic response is unknown. There are
2 possible mechanisms that might lead to a reduced
response: (1) a change in the osmolality of nasal secre-
tions or (2) a change in the temperature of the nasal
mucosa. Fully saturated air at 37°C would be expected to
increase the normal nasal mucosal temperature during
inspiration.2 Thus inhaling warm, moist air would raise
the surface temperature, alter chemical reactions, and
reduce the responsiveness to antigen. Inhaling fully satu-
rated air at 37°C prevents evaporation of water from the
mucosal surface and the increase in osmolality of nasal
secretions that occurs during evaporation of partially sat-
urated air. This effect on osmolality might reduce mast
cell activation or other mechanisms involved in the early
reaction. It is also possible that modifications of both
temperature and osmolality act synergistically in
decreasing the early allergic response.1 To evaluate the
effects of mucosal temperature elevation, we sought a
mechanism to raise temperature without affecting osmo-
lality.

Cole2 demonstrated that body heating resulted in
changes in the surface temperature of the nose. After a
subject was wrapped in blankets and his legs were placed
in water at 45°C for 20 minutes, body temperature rose
only 0.5°C, whereas the nasal expiratory air temperature
rose 2°C to 3°C. He also found that localized skin heat-
ing resulted in an increase in the temperature of exhaled
air. When subjects had their dorsal thoracic skin exposed
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alternately to an electric fire and a cooling fan, they
showed an increase in nasal expiratory air temperature up
to 2°C to 3°C during a 5-minute period in which the fire
was turned on. The temperature returned to baseline
within 5 minutes of the fire being turned off. These
observations suggest that nasal expiratory air tempera-
ture changes in response to thermal stimulation of the
skin. Cole also measured the nasal mucosal temperature
by inserting the tip of a hypodermic needle into the
turbinate submucosa. With a temperature-measuring cir-
cuit, submucosal turbinate temperature changes were
recorded in response to thermal stimulation of the body.
When the fan and fire sequence was used, changes simi-
lar to those found in expiratory air temperature occurred
in the turbinates.

There is also experimental evidence in animals sup-
porting these results. After a heat stimulus was applied to
dogs for 15 minutes, the rectal temperature was found to
vary no more than 0.2°C from the initial reading, but the
nasal expiratory air temperature increased by about 3°C.
After a cooling stimulus was applied, the nasal expirato-
ry air temperature dropped about 5°C.2

We hypothesized that changing the skin temperature
of allergic subjects by immersing their feet in warm
water (WW) would increase the nasal mucosal tempera-
ture and lead to a decrease in the immediate response to
allergen challenge.

METHODS

Subjects

Fourteen volunteers with a history of seasonal allergic rhinitis
were recruited (7 men and 7 women; age, 18 to 39 years; mean age,

24 years). Their allergic status was confirmed by history, a positive
skin puncture test reaction to either ragweed or timothy grass, and a
positive nasal challenge with allergen defined by sneezing 2 or more
times and by a 2-fold or greater increase in the weight of generated
nasal secretions and albumin levels compared with the diluent chal-
lenge (4% phenol-buffered saline). All subjects were studied out of
season. The study was approved by the Institutional Review Board
of the University of Chicago, and written informed consent was
obtained from each subject before entry into the study.

Experimental protocol

We performed a randomized, 2-way, crossover study comparing
the effects of mucosal temperature change on the acute response to
allergen challenge by immersing feet in WW (42°C) or room-tem-
perature water (RW; 30°C). On the day of challenge, the subjects
came to the laboratory and were allowed to rest for 15 minutes so
that equilibration of the nasal mucosa with the environmental con-
ditions of the laboratory was achieved (temperature 25°C, 30% rel-
ative humidity). They immersed their bare feet in either WW or RW
for 5 minutes before and during localized allergen challenge. The
order of the conditions was assigned by a predetermined random-
ization code. At least 2 weeks separated the challenges to avoid any
priming effect of one challenge on the other.

To evaluate the possibility that feet warming changed the osmo-
lality of nasal secretions, we performed a second study in 14 asymp-
tomatic allergic subjects outside of their allergy season. The tech-
nique for measuring osmolality involved performing nasal lavage.
Because of the concern that lavage of the nose with warm (37°C)
lactated Ringer’s solution (Baxter Healthcare Corp, Deerfield, Ill)
could affect the mucosal temperature, we did not incorporate these
measurements in the first study. Lavages were performed with 5 mL
of lactated Ringer’s solution (2.5 mL in each nostril) before and 5
minutes after feet immersion in WW. The recovered lavage fluid
was shaken vigorously and centrifuged. Ten-milliliter aliquots of
the supernatant were placed in a Vapro vapor pressure osmometer

FIG 1. Protocol. The different interventions, including nasal secretion collection at both time points, symptom
scoring, body and nasal mucosal temperature measurements, and diluent and antigen challenges, are depict-
ed by arrows. The time intervals between different sets of arrows are indicated in the space between them.
The rectangle at the top represents time spent during immersion of feet in either WW or RW. B1 and B2, base-
line measurements; DIL, diluent challenge; AG, antigen challenge. Arrows indicate events on time line.
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(Wescor, Inc, Logan, Utah). All measurements were done in tripli-
cate. The sensitivity of the osmometer is ±3 mosm/kg H2O.

Allergen challenge

Each challenge was begun with a series of baseline measure-
ments (baseline 1; Fig 1). Preweighed filter paper discs (Shandon
Inc, Pittsburgh, Pa) were placed on the anterior portion of the nasal
septum just posterior to the mucocutaneous junction for 30 seconds
for collection of nasal secretions (30-second time point). This was
accomplished under direct visualization by use of a headlight, a
nasal speculum, and a duckbill forceps. After a 1-minute wait,
another disc was placed for collection of nasal secretions for 30 sec-
onds (2-minute time point). Symptoms of nasal congestion, itching,
and rhinorrhea were recorded by the subjects. Body and nasal
mucosal surface temperatures were obtained with an oral ther-
mometer and a nasal thermometer (see below), respectively. Sub-
jects were then instructed to immerse their bare feet in one of the 2
conditioning water baths for 5 minutes. After that, a second series
of baseline measurements was obtained (baseline 2). Five minutes
after the second set of baseline measurements were obtained, a
nasal challenge with diluent was performed to control for nonspe-
cific reactivity of the nasal mucosa. Fifty microliters of the diluent
for the allergen extracts (4% phenol-buffered saline; Bayer Corp,
Spokane, Wash) were placed on a filter paper disc and applied to the
anterior nasal septum for 60 seconds. Thirty seconds after removal
of the challenge disc, a dry, preweighed disc was applied to the ante-
rior nasal septum at the site of challenge and kept in place for col-
lection of nasal secretions for 30 seconds (30-second time point).
Similarly, secretions were collected at the 2-minute time point.
After 8 minutes, symptoms were recorded by the subject, and the
number of sneezes during the past 10 minutes was recorded by the
investigator. Next, measurements of body temperature and nasal
mucosal surface temperature were obtained. The subjects were then
asked to blow their nose to clear any accumulated secretions before
starting the next challenge, and then 2 consecutive allergen chal-
lenges were performed, 10 minutes apart, by application of 50 µL
of either ragweed or timothy grass extracts (Bayer Corporation,
Elkhart, Ind) at 2 concentrations (1:2000 and 1:200 wt/vol). Secre-
tion weights, sneezes, symptoms, and body and nasal mucosal tem-
perature were measured by the same technique as used after diluent
challenge.

Collection of nasal secretions

Collection discs were kept in Eppendorf tubes (Fisher Scientific,
Pittsburgh, Pa), and the disc/tube combinations were weighed
before collection of secretions. After collection of secretions from
the nose, the discs were replaced in the Eppendorf tubes and
weighed with a Mettler AE 240 analytical balance (Mettler Instru-
ments, Highstown, NJ). The precollection weight was subtracted
from the postcollection weight for determining the weight of secre-
tions collected in 30 seconds.

Sneezes and symptom scores

The number of sneezes after each challenge was counted and
recorded by the investigator performing the challenges. Symptoms
of runny and stuffy nose for each nostril and a combined sensation
of itchy nose and throat were graded on a scale as follows: 0, no
symptoms; 1, very mild symptoms; 2, mild symptoms; 3, moderate
symptoms; 4, severe symptoms; and 5, very severe symptoms.

Albumin assay

After collection of nasal secretions, all discs were eluted in 300
µL of lactated Ringer’s solution (Baxter Healthcare Corp). Discs for
human serum albumin (HSA) were eluted at room temperature for

30 minutes. The discs were then squeezed to the bottom of the
tubes, and the eluate was removed, frozen, and stored at –20°C until
assayed. Levels of HSA were assayed in recovered secretions to
allow evaluation of plasma leakage. HSA was assayed in the eluate
from discs at the 2-minute time point. The choice of time point for
albumin measurements was based on previous data, which showed
that HSA levels peaked 2 minutes after removal of the allergen disc
on the side of challenge.3 Samples obtained from the same subject
during immersion on the 2 days were always measured in the same
assay, and therefore interassay variability was eliminated. HSA was
measured by an ELISA sensitive to 1 ng/mL of albumin.4

Nasal mucosal temperature measurements

A nasal probe was developed for measurement of mucosal sur-
face temperature. It consisted of a 14-Fr suction catheter (Kendall
Healthcare Products Co, Mansfield, Mass) approximately 4 mm in
diameter and 15 cm long. The distal part of the catheter was cut in
half longitudinally for 1 cm. The temperature sensor, a 10-kω glass
bead thermistor (Thermometrics, Edison, NJ), was attached to elec-
trical wires and then inserted into the catheter through the proximal
end. Silicone wax was used to stabilize the sensor in its position at
the tip of the catheter and to anchor it to the remaining half of the
catheter. The temperature sensor can measure temperatures from
–20°C to 60°C with an accuracy of ±1°C. The output signals from
the temperature sensor are amplified by an electronic module that
develops signal levels compatible with typical computer data acqui-
sition plug-in cards in an IBM-compatible computer. The Atlantis
for Windows program (Lakeshore Technologies, Inc, Chicago, Ill)
was used as the software for data acquisition.

The nasal probe was calibrated before each use. It was inserted
into the anterior part of the nasal cavity by means of a nasal specu-
lum and a headlight. The sensor at the end was placed in contact
with the nasal mucosa of the anterior part of the nasal septum just
posterior to the mucocutaneous junction, the location where collec-
tion and challenge discs were placed, and it sampled the mucosal
temperature at a rate of 1 measurement per second for 30 seconds.
We also measured the nasal mucosal temperature in the contralater-
al, nonchallenged nostril at the same time points in the equivalent
site. The mean of the collected data during this period was analyzed
with an Excel spreadsheet. The mean nasal mucosal temperature
was determined.

Water conditioning

A water basin was put into an Isotemp waterbath (Fisher Scien-
tific), which was set at 45°C for the WW and 33°C for the RW
experiments. The resulting temperatures of the water in the basin
were 42°C and 30°C, respectively. The top portion of the water
basin and Isotemp waterbath was shielded by plastic wrap to pre-
vent heat loss during the experiment.

Statistical analysis

For both diluent and allergen challenges, secretion weights were
expressed as the average values of the 2 collection time points.
Changes in nasal mucosal temperature were calculated by subtrac-
tion of values obtained after immersion of feet from those obtained
before immersion. Net changes in other parameters after allergen
challenge under the 2 different conditions were calculated by sub-
traction of values obtained after diluent challenge from those
obtained after both allergen challenges (net change over diluent)
and obtaining the sum of these values. Because the data were not
distributed normally, nonparametric statistics was used. The values
of each parameter at all time points after exposure to each of the
conditions were analyzed by Friedman ANOVA. If a significant
difference was found, post hoc analysis between diluent and the 2
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antigen challenges was performed by means of the Wilcoxon
signed-rank test. To compare differences in the parameters between
exposures, we compared net changes for each parameter after
exposure to each of the 2 conditions by using the Wilcoxon signed-
rank test. A P value (2-tailed) of less than .05 was considered sig-
nificant.

RESULTS

Immersion of feet in WW was associated with a sig-
nificant increase in nasal mucosal temperature over base-
line, which began within 2 seconds of immersion and
reached a plateau within 30 seconds (WW, 1.9°C ±
0.1°C, vs RW, 0.2°C ± 0.1°C; P = .001). There was no
significant change in body temperature, as measured by
oral thermometer (WW, 0.1°C ± 0.1°C, vs RW, 0.4°C ±
0.1°C; P = .10; Fig 2). We measured the nasal mucosal
surface temperature at the anterior portion of the nasal
septum on the side on which we performed nasal chal-
lenges; we also measured it in the contralateral nostril.

There were no significant differences in nasal mucosal
surface temperature between the sides (ipsilateral vs con-
tralateral at all time points,P > .05). The osmolality of
recovered nasal lavage fluid before and 5 minutes after
immersion in WW was 286 ± 0.7 mosm/kg H20 versus
286 ± 1.0 mosm/kg H20 (n = 14,P = .22).

The results of the early nasal response after allergen
provocation are grouped into secretory, neural, and vas-
cular responses (Figs 3 to 5). All of these parameters
were unaffected when the feet were immersed in the
water bath. Likewise, there were no significant changes
from baseline after diluent challenge.

Challenge with increasing doses of antigen caused sig-
nificant increases in all parameters compared with dilu-
ent challenge during both exposures (Figs 3 to 5), except
for body and mucosal temperature.

Warming of feet had no significant effects on allergen-
induced rhinorrhea (WW, 6.1 ± 1.2, vs RW, 6.5 ± 1.3; P
= .94), pruritus (WW, 1.5 ± 0.5, vs RW, 2.0 ± 0.6; P =

FIG 2. Nasal mucosal temperature (top) and body temperature (bottom). A, Temperature measured in the ipsi-
lateral, challenged nostril or oral cavity at each of the individual time points after immersion of feet in either
WW (open circles) or RW (filled circles). The challenge protocol is shown on the abscissa. Data are means ±
SEM for 14 subjects. B1 andB2, Baseline measurements; DIL, diluent for allergen extract; AG1, allergen chal-
lenge (1:2000 wt/vol); AG2, allergen challenge (1:200 wt/vol). B, Individual data for the net change from base-
line after immersion of feet in 2 different water conditions specified on the abscissa. Solid horizontal bars rep-
resent median values. ROOM, RW; WARM, WW; NS, not significant. *P = .001 compared with RW.
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.39), or nasal congestion (WW, 4.9 ± 0.9, vs RW, 6.1 ±
1.3; P = .26) but led to significant reductions in allergen-
induced secretion weights (WW, 30.5 ± 7.2 mg, vs RW,
41.8 ± 6.8 mg; P < .01), sneezes (WW, 5.7 ± 1.1, vs RW,
11.6 ± 3.2; P < .01), and albumin levels (WW, 941.7 ±
172.2 µg/mL, vs RW, 1524.8 ± 220.6 µg/mL; P < .01).

DISCUSSION

Our results demonstrate that immersion of feet in WW
causes a significant increase in nasal mucosal surface tem-
perature without a significant change in body temperature
or nasal secretion osmolality. These results are in agree-
ment with Cole’s study,2 which showed that submucosal

turbinate temperature rose approximately 2°C in response
to a thermal stimulus to the body. The magnitude of the
temperature rise in Cole’s experiments is similar to our
findings (1.9°C ± 0.1°C). The nasal mucosal temperature
did not change in response to allergen challenge.

The nasal mucosa contains abundant vessels (eg, resis-
tance vessels, capacitance vessels, exchange capillaries,
and shunt vessels).5 The arteriovenous anastomoses are
considered to be specialized thermoregulatory organs
both in the nose6 and in the skin of the extremities.7 The
vessels in the nasal mucosa are innervated mainly by the
sympathetic nervous system. The capacitance and resis-
tance vessels possess α-receptors. Stimulation of these
receptors leads to a decrease in blood flow by an increase

FIG 3. Secretory response. A, Responses at each of the individual time points after immersion of feet in WW
(open circles) or RW (filled circles). The challenge protocol is shown on the abscissa. Data are means ± SEM
for 14 subjects. B1 and B2, Baseline measurements; DIL, diluent for allergen extract; AG1, allergen challenge
(1:2000 wt/vol); AG2, allergen challenge (1:200 wt/vol). B, Individual data for the net change from diluent chal-
lenge for each parameter after immersion of feet in 2 different conditions of water specified on the abscissa.
Solid horizontal bars represent median values. ROOM, RW; WARM, WW; NS, not significant. *P < .01 com-
pared with RW.
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in the precapillary resistance and a constriction of
venules and capacitance vessels. Stimulation of the β2-
receptors leads to dilatation of the arterioles and the
capacitance vessels.8 The central vasomotor regulation is
located in the hypothalamus,9 which coordinates the
responses to stimulation of peripheral and central ther-
moreception.

Vasomotor responses of the respiratory tract mucosa
in response to thermal changes on the surface of the body
were described long ago. The best known response is that
of cooling the nape of the neck by wearing an ice pack
and the resultant induction of a reflex vasoconstriction of
blood vessels in the nasal mucosa. This maneuver has
been used as an adjunctive treatment for epistaxis.

Human nasal mucosal blood volume has been shown
to decrease with skin cooling10 and to increase with skin
warming.11 These changes in volume were demonstrated
by changes in nasal cavity volume, as assessed by
acoustic rhinometry.12,13

Cole14 demonstrated that when thermoelements were
placed in the turbinate submucosa and on the skin of a
finger, and adequate thermal stimuli were used, blood
flow changes in the finger paralleled those in the
turbinate mucosa, suggesting that turbinate vascular
responses to remote thermal stimulation parallel those
that occur in the extremities.

Drettner15 found that the local temperature on the sep-
tal wall decreased rapidly during cooling of the feet with
ice. The temperature of the nasal mucosa also decreased
in response to cold stimulation on the skin of the back and
feet2,16,17and increased in response to heat stimulation on
various regions along the spine and body surface.16

Simon18 demonstrated that the nasal mucosal temperature
and degree of swelling of the inferior nasal concha
responded to caloric stimulation on the upper and lower
extremities. These findings indicate a close reflex rela-
tionship between the nasal mucosa and the extremities.

Because of the rapidity of changes in both nasal

FIG 4. Neural response. A, Responses at each of the individual time points after immersion of feet in WW
(open circles) or RW (filled circles). Symbols and challenge protocol are identical to those in Fig 3. Data are
means ± SEM for 14 subjects. B, Individual data for the net change from diluent challenge for each parame-
ter after immersion of feet in 2 different conditions of water specified on the abscissa. Solid horizontal bars
represent median values. ROOM, RW; WARM, WW; NS, not significant. *P < .01 compared with RW.
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mucosal blood flow and nasal mucosal temperature in
response to skin thermal change, the change in nasal
mucosal temperature after skin thermal stimulation is
probably mediated by neurovascular reflexes. Thermal
stimulation of the skin of the feet produces a localized
vasodilatation by loss of sympathetic neural activity of
the vasoconstrictive α-adrenergic receptors of blood ves-
sels. This change sends signals to the central vasomotor
center in the hypothalamus and affects the regulation of
vascular tone and blood flow to the nose. The resultant
decrease in sympathetic neural activity causes passive
vasodilatation of the nasal vascular bed and leads to an
increase of nasal blood flow and temperature.19 In our
study we manipulated this system to study the effects on
the early allergic reaction.

We compared the effect of immersion of feet in WW
and RW on the early response to nasal challenge with
allergen. Our results showed that immersion of feet in
WW significantly inhibited allergen-induced sneezes,

HSA levels, and secretion weights. The absence of an
effect on symptoms possibly reflects the mild nature of
the allergen challenge. Alternatively, the changes in the
objective parameters were not of sufficient magnitude to
impede the subjective measures of rhinorrhea, pruritus,
and nasal congestion, or the subjects were insensitive in
their perceptions.

Previous studies have demonstrated the beneficial
effect of hot, humid air in patients with allergic rhinitis
both during the season and after antigen provoca-
tion.1,3,20-22Inhaling hot, humid air through a face mask
for 1 hour before and during an antigen challenge inhib-
ited the secretory (secretion weights), neural (sneezes),
and vascular (congestion score) responses after chal-
lenge.23We hypothesized that this inhibition could be the
result of either an increase in nasal mucosal temperature
or a reduction in the osmolality of the nasal secretion.
Our data presented here suggest that raising the mucosal
temperature can decrease the early allergic response.

FIG 5. Vascular response. A, Responses at each of the individual time points after immersion of feet in WW
(open circles) or RW (filled circles). Symbols and challenge protocol are identical to those in Fig 3. Data are
means ± SEM for 14 subjects. B, Individual data for the net change from diluent challenge for each parame-
ter after immersion of feet in 2 different conditions of water specified on the abscissa. Solid horizontal bars
represent median values. ROOM, RW; WARM, WW; NS, not significant. *P < .01 compared with RW.
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Allergic reactions are triggered by the interaction
between an allergen and a specific IgE bound to mast
cells in the nasal mucosa. When stimulated, mast cells
degranulate, with the subsequent release of histamine
and other mediators. These mediators interact with neu-
ral elements, blood vessels, and mucosal glands to pro-
duce the physiologic responses associated with allergic
rhinitis. Sneezing occurs through a reflex mechanism ini-
tiated by stimulation of H1 receptors on sensory nerves
of the nasal mucosa, and the decrease in the number of
sneezes after warming of feet may reflect a decrease in
histamine release or a change in the sensitivity of nerves
to released histamine. Albumin levels in nasal secretions,
an indicator of increased vascular permeability, were
reduced when feet were immersed in WW, reflecting
either an indirect effect of reduced mast cell activation or
a direct effect of increased mucosal temperature on the
blood vessels. Other mediators that alter vascular perme-
ability, such as prostaglandins, leukotrienes, and
bradykinins, could have been affected. Furthermore,
decreased glandular activation, as reflected by the
reduced secretory response, may also be the result of
reduced mast cell activation or decreased end organ
response.

The mechanism by which increasing the nasal muco-
sal temperature reduces the early allergic response has
not been defined. There are several possible explana-
tions. One of these is that an increase in nasal mucosal
temperature can decrease histamine release from mast
cells. The nasal mucosal temperature under normal ambi-
ent conditions is between 30.4°C during inspiration and
32.0°C during expiration24; therefore the optimal tem-
perature for nasal mucosal mast cells may be between
30°C and 32°C. An increase in nasal mucosal tempera-
ture above this optimum range may reduce histamine
release. In support of this concept, there is in vitro evi-
dence that temperatures of 40°C can reduce both mast
cell25 and basophil26 histamine release. The mechanism
by which increased temperature reduces mast cell
degranulation is unknown. Histamine release from mast
cells is a temperature-dependent enzymatic reaction; thus
inactivation of enzymatic activity is a possibility.

Moreover, Dorrington and Bennich27 found that the Fc
portion of IgE is particularly temperature sensitive. The
ability of IgE to bind to the membrane of basophils and
mast cells is progressively lost with increasing tempera-
ture. Therefore increased temperature might affect IgE
binding because of thermally induced structural changes,
but so far this has been described only at 56°C, which is
much higher than the increased nasal mucosal tempera-
ture observed in our experiment.

The production of cytokines from activated human
mononuclear cells was found to be reduced at 39°C.28 It
is possible that increased temperature reduces cytokine
production in the nose and subsequent intercellular com-
munication. However, this would probably not affect the
immediate response.

Increased temperature has also been shown to induce
the formation of heat shock proteins (HSPs).29 One of

the current hypotheses for the pathogenesis of allergic
rhinitis includes an increased expression of tachykinins
either by their increased production or by reduced metab-
olism.30 Substance P, one of the tachykinins, is a neu-
ropeptide with proinflammatory effects that can increase
vascular permeability, neutrophil adhesion and chemo-
taxis, mucus secretion, and smooth-muscle contraction.
It exerts its effects by binding with substance P–receptor
protein coupled to a glucose-regulated protein (GRP).
GRP78, a member of the HSP70 family, was found to
bind with low affinity to substance P receptor during
purification.31 Interaction between GRPs/HSPs and sub-
stance P may modify substance P activity and affect
allergic inflammation. There also is evidence that HSP
induces a gradual decrease in cellular responses to aller-
gen32 and can reduce allergic inflammation by modula-
tion of steroid-receptor activity.33

Hastie et al34 found that HSP27 was increased signifi-
cantly in bronchial epithelium from subjects who had aller-
gic rhinitis, with mild inflammatory responses after aller-
gen challenge, and that there was little H2SO4–induced cil-
iary dysfunction at pH 5. This indicates that mild inflam-
mation in response to allergen elevates HSP27 stress pro-
tein levels, thereby potentially protecting epithelial
function from additional adverse conditions. HSP induced
by increased nasal mucosal temperature may have a role in
protecting the nasal epithelium from allergic inflammation.
Further studies are needed for clarification of this mecha-
nism and exclude the possibility that raising the tempera-
ture was unrelated to the mechanism for the reduction of
the allergic response.

We have shown that increasing the nasal mucosal sur-
face temperature by immersing feet in WW partially
decreases the immediate nasal response to antigen chal-
lenge. This observation may better explain the effects of
change in the external thermal environment on allergic
inflammation. 
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