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Abstract

Background: Maintenance of thermal homeostasis dur-
ing heat exposure depends on coordinated autonomic,
vascular, and sudomotor responses. Although adrenergic
and cholinergic pathways are recognized as principal regu-
lators of heat dissipation, accumulating evidence suggests
that Non-Adrenergic, Non-Cholinergic (NANC) mediators,
including prostaglandins and histamine, may also contrib-
ute to peripheral thermoregulatory control. However, their
physiological contribution during acute heat stress in heat-
vulnerable adults remains poorly characterized.

Objective: To investigate whether pharmacological mod-
ulation of prostaglandin- and histamine-associated path-
ways alters peripheral thermoregulatory responses during
controlled heat exposure.

Methods: Six heat-vulnerable adults (24-41 years) com-
pleted a repeated-measures crossover study under three
experimental conditions: control, cyclooxygenase inhibition
using ibuprofen (400 mg), and H1-receptor antagonism us-
ing cetirizine (10 mg). Participants underwent standardized
heat exposure (35°C; 50—-60% relative humidity) combined
with moderate treadmill exercise. Core temperature, mean
skin temperature, heart rate, and sweat rate were measured
throughout baseline, exercise, and recovery. Data were ana-
lyzed using repeated-measures ANOVA with Bonferroni-ad-
justed comparisons and partial eta squared (n2p).

Results: Heat exposure significantly increased skin tem-
perature and sweat rate (both P<0.01). lbuprofen was as-
sociated with the greatest attenuation of sweating and the
largest increase in core temperature, whereas cetirizine

produced moderate impairment of peripheral heat dis-
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sipation. Large physiological effect sizes were observed
for sweat rate (n?p=0.88) and skin temperature (n?p=0.70).
These findings indicate preserved core temperature through
enhanced peripheral thermoeffector activation despite
pharmacological modulation.

Conclusions: This pilot study provides preliminary physi-
ological evidence that prostaglandin- and histamine-associ-
ated pathways contribute to peripheral thermoregulatory
compensation during acute heat exposure. Although di-
rect NANC activity was not measured, the observed physi-
ological responses are consistent with a contributory role
of these pathways in human heat dissipation and support
further mechanistic investigations integrating molecular
biomarkers with physiological measurements.

Introduction
Background

Climate change has substantially increased the frequency,
intensity, and duration of extreme heat events worldwide, re-
sulting in a growing burden of heat-related illness, reduced
workforce productivity, and increased cardiovascular morbidity.
Individuals with impaired thermoregulatory capacity—includ-
ing older adults, sedentary individuals, outdoor workers, and
those with chronic cardiometabolic conditions—are dispropor-
tionately vulnerable to environmental heat exposure. Conse-
quently, understanding the physiological mechanisms that pre-
serve thermal homeostasis has become an important priority in
environmental physiology, occupational medicine, and climate-
health research [1-9].

Human thermoregulation depends on coordinated interac-
tions between central neural control and peripheral thermoef-
fector responses that balance metabolic heat production with
environmental heat exchange. During heat exposure, effective
dissipation of body heat relies primarily on cutaneous vasodila-
tion and eccrine sweating, which increase convective, radiative,
and evaporative heat loss. Failure of these responses results in
progressive thermal strain, cardiovascular instability, dehydra-
tion, and increased susceptibility to exertional heat illness and
heat stroke [1-5,9-18].

Classical models of human thermoregulation emphasize
sympathetic adrenergic and cholinergic pathways as the princi-
pal mediators of peripheral heat dissipation. However, growing
experimental evidence suggests that Non-Adrenergic, Non-Cho-
linergic (NANC) mechanisms also contribute to regulation of cu-
taneous vascular conductance and sudomotor activity. Among
these mediators, prostaglandins and histamine have attracted
considerable interest because of their vasoactive, inflammato-
ry, and neuromodulatory actions that influence skin blood flow
independently of classical autonomic signaling [19,20].

Experimental and clinical studies indicate that prostaglandin
E, participates in hypothalamic thermosensitivity, vascular reg-
ulation, and thermal homeostasis, whereas histamine contrib-
utes to endothelial function, microvascular regulation, and lo-
cal vasodilatory responses that facilitate heat exchange. Despite
these observations, the integrated physiological contribution of
these pathways during acute exercise-induced heat stress in hu-
mans remains incompletely understood [21,22].

This knowledge gap is particularly relevant as climate-related
heat exposure increasingly affects occupational and community

populations worldwide. Improved understanding of peripheral
thermoregulatory compensation may facilitate development of
physiological biomarkers for identifying individuals at increased
risk of heat intolerance and may inform future occupational
heat-health guidelines, personalized heat-risk assessment, and
climate adaptation strategies [23].

Because direct manipulation of the complete NANC system
is neither feasible nor ethically appropriate in humans, pharma-
cological modulation of prostaglandin synthesis and histamine
H, receptors provides a pragmatic experimental approach for
exploring physiological responses consistent with altered NANC
activity. Accordingly, this pilot repeated-measures crossover
study used ibuprofen and cetirizine as physiological probes to
investigate whether modulation of these pathways alters pe-
ripheral thermoregulatory responses during standardized exer-
cise-induced heat stress [20,21,24,25].

Study objective

The primary objective of this study was to investigate the
contribution of prostaglandin- and histamine-associated path-
ways to peripheral thermoregulatory responses during acute
heat exposure in heat-vulnerable adults by comparing physi-
ological responses under control conditions and following phar-
macological modulation using ibuprofen and cetirizine.

Hypothesis

We hypothesized that pharmacological modulation of pros-
taglandin- and histamine-associated pathways would attenuate
peripheral heat dissipation, reduce sweating efficiency, alter
skin temperature responses, and increase physiological thermal
strain during standardized exercise-induced heat exposure.

Materials and methods
Study design

This pilot study employed a repeated-measures, randomized
crossover experimental design to investigate thermoregulatory
responses during acute heat exposure under three physiologi-
cal conditions: (i) control (no pharmacological intervention),
(i) prostaglandin pathway inhibition using ibuprofen, and (iii)
histamine pathway inhibition using cetirizine. Each participant
completed all experimental conditions in a randomized order,
allowing each individual to serve as his or her own control. This
approach minimized interindividual physiological variability and
increased the sensitivity for detecting within-subject changes in
thermoregulatory responses.

The primary objective was to determine whether pharma-
cological inhibition of prostaglandin- and histamine-associated
pathways altered peripheral thermoeffector responses during
acute heat stress. Secondary objectives included evaluation of
cardiovascular responses and exploration of physiological signa-
tures consistent with Non-Adrenergic, Non-Cholinergic (NANC)
involvement in heat dissipation.

The study is reported in accordance with the Strengthen-
ing the Reporting of Observational Studies in Epidemiology
(STROBE) Statement for observational studies and repeated-
measures human physiological investigations.

Study setting

Experimental testing was conducted under controlled labo-
ratory conditions in an environmental chamber maintained at
an ambient temperature of 35°C with a relative humidity of 50—
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60%, conditions selected to reproduce moderate environmen-
tal heat stress while ensuring participant safety. All testing ses-
sions were performed at approximately the same time of day
to minimize circadian influences on thermoregulatory function.

Participants attended three separate experimental sessions,
each separated by a minimum washout period of 72 hours to
minimize potential carry-over effects from previous interven-
tions.

Participants

Six apparently healthy adults (four males and two females;
age range 24-41 years) identified as being at increased risk of
heat intolerance based on lifestyle-related characteristics, in-
cluding sedentary behaviour and reduced exercise tolerance,
were recruited using convenience sampling.

Inclusion criteria
Participants were eligible if they:
e were between 18 and 45 years of age;
e were able to complete moderate treadmill exercise;
¢ had no history of cardiovascular disease;
e were free from acute febrile illness;

¢ had no known allergy or contraindication to ibuprofen or ce-
tirizine.

Exclusion criteria
Participants were excluded if they:
e were current smokers;

e were taking medications known to influence thermoregula-
tion or cardiovascular function;

¢ had chronic inflammatory or metabolic disease;
e were pregnant;
¢ had experienced recent heat illness or hospitalization.

All participants received written and verbal explanations of
the study procedures before providing written informed con-
sent.

Because this investigation was designed as an exploratory
physiological pilot study, no formal a priori sample size calcula-
tion was performed. The repeated-measures crossover design
was selected to maximize statistical efficiency despite the small
cohort by reducing between-subject variability and improving
the precision of within-subject comparisons.

Randomization and experimental conditions

Participants completed three experimental conditions in
randomized order using a computer-generated allocation se-
quence.

The experimental conditions were:
1. Control condition (no pharmacological intervention);

2. Prostaglandin pathway inhibition, achieved through
administration of ibuprofen 400 mg orally;

3. Histamine pathway inhibition, achieved through ad-
ministration of cetirizine 10 mg orally.

Ibuprofen and cetirizine were administered 90 minutes be-
fore heat exposure, consistent with their established pharma-
cokinetic profiles to ensure adequate systemic drug availability
during physiological testing.

The pharmacological agents were used as physiological
probes to transiently attenuate prostaglandin- and histamine-
associated signaling pathways rather than as selective inhibitors
of all NANC mechanisms. Consequently, interpretations regard-
ing NANC involvement remain exploratory and should not be
interpreted as evidence of direct mechanistic causation(26-29).

Experimental heat exposure protocol

Participants underwent standardized heat exposure while
performing moderate treadmill exercise within the environ-
mental chamber.

Each experimental session consisted of:
e 15-minute seated baseline rest
¢ 30-minute moderate-intensity treadmill exercise
e 20-minute seated recovery period

Exercise intensity was standardized across sessions using a
moderate workload designed to induce physiologically relevant
thermoregulatory activation while minimizing excessive cardio-
vascular strain.

Participants were instructed to:
¢ avoid strenuous physical activity for 24 hours before testing;
e abstain from caffeine and alcohol for 24 hours;
e maintain normal hydration;

¢ avoid non-prescription medications before each experimen-
tal session.

Compliance with these instructions was confirmed verbally
before testing commenced(30-37).

Physiological measurements
Core body temperature

Core body temperature was monitored continuously using
validated tympanic thermometry. Measurements were ob-
tained at baseline and throughout exercise and recovery ac-
cording to standardized procedures commonly employed in hu-
man heat-stress investigations.

Mean skin temperature

Mean skin temperature was measured continuously using
calibrated surface thermistors positioned at standardized ana-
tomical sites. These measurements provided an index of pe-
ripheral heat dissipation through cutaneous vasodilation.

Sweat rate

Whole-body sweat rate was estimated using changes in
nude body mass measured immediately before and after exer-
cise. Body mass differences were corrected for fluid intake dur-
ing testing and expressed as sweat loss over the exercise period.

Cardiovascular measurements

Heart rate was monitored continuously using wearable te-
lemetry throughout baseline, exercise, and recovery.

Environmental Sciences: Open Access



MedDocs Publishers

Systolic and diastolic blood pressures were measured using
automated sphygmomanometry at standardized time points
during each experimental phase.

Measures to reduce bias

Several measures were implemented to minimize potential
sources of bias.

The repeated-measures crossover design allowed each par-
ticipant to serve as his or her own control, substantially reducing
interindividual variability. Experimental sessions were conduct-
ed under identical environmental conditions using standardized
exercise protocols and measurement procedures. Testing was
performed at similar times of day to minimize circadian influ-
ences on thermoregulatory responses.

Randomization of intervention order reduced potential se-
quence effects, while standardized participant instructions re-
garding hydration, physical activity, caffeine, alcohol consump-
tion, and medication use minimized behavioural confounding.
Data collection procedures and physiological measurements
were performed using the same equipment and standardized
protocols across all experimental sessions.

Despite these precautions, residual confounding cannot be
completely excluded owing to the exploratory nature of the pi-
lot study and the modest sample size [30-32,38-42].

Statistical analysis

Statistical analyses were performed using IBM SPSS Statis-
tics version 26.0 (IBM Corp., Armonk, NY, USA).

Continuous variables are presented as mean * standard er-
ror of the mean (SEM) unless otherwise specified.

Repeated-measures analysis of variance (RM-ANOVA) was
used to examine changes across experimental conditions and
study phases while accounting for within-subject correlations.

Where statistically significant main effects were observed,
Bonferroni-adjusted post hoc comparisons were performed to
account for multiple testing.

Effect sizes were quantified using partial eta squared (n%p)
and interpreted according to conventional thresholds:

e small (0.01)
e moderate (0.06)
e large (20.14)

Pearson correlation coefficients were calculated to examine
relationships among thermoregulatory variables.

Statistical significance was accepted at P<0.05.

Given the exploratory pilot nature of the study and limited
sample size, emphasis was placed on interpretation of effect
sizes alongside statistical significance to facilitate assessment of
physiological relevance [43-52].

Missing data

No participants withdrew from the study, and complete
physiological data were obtained for all six participants across
all experimental sessions. Consequently, no missing observa-
tions required imputation or statistical adjustment, and analy-
ses were performed using complete-case data.

Ethical considerations

The study was conducted in accordance with the ethical
principles of the Declaration of Helsinki for research involving
human participants.

Ethical approval was obtained through the institutional ethi-
cal review framework of Selinus University of Science and Lit-
erature, Italy.

Written informed consent was obtained from all participants
before enrolment.

Participant confidentiality was maintained by assigning
unique study identification codes, and all data were securely
stored with access restricted to the research team.

Results
Participant characteristics

Six participants (four males and two females; age range, 24—
41 years) completed all three experimental sessions, including
the control, prostaglandin blockade, and histamine blockade
conditions. No participant withdrew from the study, and no ad-
verse events or protocol deviations occurred during heat expo-
sure or exercise testing. Baseline physiological variables, includ-
ing core body temperature, mean skin temperature, heart rate,
and blood pressure, were comparable across experimental ses-
sions, indicating consistent pre-exposure physiological status.

Core body temperature

Core body temperature increased progressively from base-
line to exercise in all experimental conditions and remained
mildly elevated during the recovery period (Figure 3). Partici-
pants receiving prostaglandin blockade exhibited the greatest
increase in core temperature during exercise, whereas hista-
mine blockade produced an intermediate response compared
with the control condition.

Repeated-measures ANOVA demonstrated no statistically
significant overall differences in core body temperature across
experimental phases:

F(2,10)=0.57, P=0.584, n2p=0.10.

Although these differences did not reach statistical signifi-
cance, the observed effect size suggested a modest physiological
influence of pharmacological blockade on thermal regulation.
The preservation of core temperature despite environmental
heat stress indicates effective activation of compensatory ther-
moregulatory mechanisms throughout the experimental proto-
col.

Mean skin temperature

Mean skin temperature increased significantly during exer-
cise under all experimental conditions, reflecting activation of
peripheral heat dissipation mechanisms (Figure 1).

Repeated-measures ANOVA demonstrated a significant ef-
fect of experimental phase on skin temperature:

F(2,10)=11.74, P=0.002, n?p=0.70.

Participants receiving ibuprofen demonstrated attenuated
increases in skin temperature relative to the control condition,
whereas histamine blockade produced intermediate responses.
These findings indicate reduced peripheral thermoeffector acti-
vation following pharmacological modulation of prostaglandin-
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and histamine-associated pathways.

The large effect size (n?p=0.70) indicates substantial physi-
ological modulation of peripheral vascular heat dissipation de-
spite the modest sample size.

Sweat rate

Sweat rate increased significantly during exercise and re-
mained elevated during the recovery phase across all experi-
mental conditions (Figure 2).

A significant main effect of experimental phase was ob-
served:

F(2,10)=35.23, P<0.001, n%p=0.88.

The greatest attenuation of sweating occurred following
prostaglandin blockade, while histamine blockade resulted in
a moderate reduction compared with the control condition.
The exceptionally large effect size (n?p=0.88) indicates marked
physiological differences in sudomotor responses associated
with pharmacological modulation.

Pearson correlation analysis demonstrated an inverse rela-
tionship between sweat rate and indices of thermal strain, with
reduced sweating associated with greater heat retention during
exercise. This relationship supports the importance of sweat-
ing as a primary thermoeffector response during acute environ-
mental heat exposure.

Integrated thermophysiological responses

Comparison of central and peripheral thermal responses
demonstrated distinct patterns of thermoregulatory compensa-
tion. Despite relatively modest increases in core body tempera-
ture, substantial increases in skin temperature and sweat pro-
duction were observed during exercise, indicating preferential
activation of peripheral heat-loss mechanisms.

Participants exposed to prostaglandin blockade consistently
demonstrated reduced peripheral heat dissipation compared
with the control condition, while histamine blockade produced
less pronounced attenuation. These observations suggest that

Skin Temperature Across Time
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Figure 1: Mean skin temperature responses during acute heat
exposure. Mean (+ SD) skin temperature during baseline, exercise,
and recovery under the control, prostaglandin blockade (ibupro-
fen), and histamine blockade (cetirizine) conditions. Skin tempera-
ture increased significantly during exercise (P=0.002), consistent
with activation of peripheral heat-loss mechanisms. Attenuated
responses following pharmacological modulation are consistent

with reduced peripheral thermoeffector activity.

prostaglandin- and histamine-associated pathways may con-
tribute to peripheral thermoeffector responses during acute
heat stress.

Summary of physiological effect sizes

Among all physiological variables examined, sweat rate dem-
onstrated the largest effect size (n?p=0.88), followed by skin
temperature (n?p=0.70) and core body temperature (h?p=0.10).

Although statistically significant differences were not ob-
served for every outcome, particularly core temperature, the
magnitude of the observed effect sizes indicates physiologically
meaningful alterations in peripheral thermoregulatory respons-
es. These findings support the interpretation that pharmaco-
logical modulation primarily influenced peripheral heat-loss
mechanisms rather than central thermal regulation during the
relatively short period of heat exposure.

-0 Sweat Rate Across Time
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Figure 2: Sweat rate responses during acute heat exposure.
Mean (t+ SD) sweat rate across baseline, exercise, and recovery
phases under the three experimental conditions. Sweat produc-
tion increased significantly during exercise (P<0.001), with the
greatest attenuation observed following prostaglandin pathway
inhibition. These findings demonstrate the dominant contribution
of sudomotor activation to peripheral heat dissipation.
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Figure 3: Relationship between peripheral and core thermo-
regulation during acute heat exposure. Scatter plot illustrating the
relationship between mean skin temperature and core body tem-
perature across all experimental phases. Despite marked increases
in peripheral temperature, core body temperature remained rela-
tively stable, demonstrating effective short-term thermoregulatory
compensation during environmental heat stress.
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Discussion

The present study investigated peripheral thermoregulatory
responses during acute heat exposure using pharmacological
modulation of prostaglandin- and histamine-associated path-
ways as physiological probes of Non-Adrenergic, Non-Cholin-
ergic (NANC) mechanisms. The principal findings were that (i)
peripheral heat-loss responses, particularly sweating and in-
creases in skin temperature, were significantly activated during
exercise in a hot environment; (ii) pharmacological modulation
with ibuprofen and cetirizine attenuated these peripheral ther-
moeffector responses, with the greatest reduction observed
following prostaglandin pathway inhibition; and (iii) core body
temperature remained relatively stable despite reductions in
peripheral heat dissipation, suggesting effective short-term
physiological compensation during acute heat exposure. Col-
lectively, these findings provide preliminary physiological evi-
dence consistent with a contributory role of prostaglandin- and
histamine-associated pathways in peripheral thermoregulatory
adaptation [27,31,32,34,44,45,53-57].

Peripheral thermoregulatory compensation during heat
stress

Maintenance of thermal homeostasis during environmen-
tal heat exposure depends on the coordinated activation of
cutaneous vasodilation and eccrine sweating, which facilitate
convective and evaporative heat loss while limiting excessive in-
creases in core body temperature. Consistent with established
models of human thermoregulation, participants demonstrated
significant increases in mean skin temperature and sweat rate
during exercise, reflecting effective recruitment of peripheral
heat-loss mechanisms in response to increased thermal load.
These observations agree with previous physiological studies
showing that sweating and cutaneous vasodilation constitute
the principal effector mechanisms for maintaining thermal bal-
ance during exercise in the heat.

An important observation was that relatively stable core
body temperature was maintained despite substantial changes
in peripheral thermoeffector activity. This dissociation between
central and peripheral thermal responses highlights the effi-
ciency of compensatory physiological mechanisms that prefer-
entially enhance peripheral heat dissipation before substantial
elevations in core temperature occur. Such findings reinforce
contemporary concepts of integrated thermoregulatory con-
trol, in which peripheral vascular and sudomotor adjustments
provide an early protective response against thermal strain
[39,58-66].

Evidence consistent with NANC-mediated thermoregula-
tion

Classical physiological models emphasize sympathetic ad-
renergic and cholinergic pathways as the primary regulators of
heat dissipation. However, increasing experimental evidence
indicates that vasoactive mediators, including prostaglandins,
histamine, nitric oxide, Vasoactive Intestinal Peptide (VIP), and
Calcitonin Gene-Related Peptide (CGRP), may contribute to lo-
cal vascular regulation and sweating through complementary
non-adrenergic, non-cholinergic mechanisms.

In the present study, pharmacological modulation of pros-
taglandin- and histamine-associated pathways resulted in at-
tenuation of sweating and skin temperature responses, with
prostaglandin inhibition producing the greatest reduction in
peripheral heat-loss capacity. Although ibuprofen and cetirizine

do not selectively inhibit all NANC pathways, their use as phar-
macological probes provides indirect physiological evidence
that these signaling systems may contribute to thermoeffector
activation during acute heat stress.

Given the exploratory design and limited sample size, these
observations should be interpreted cautiously. The present
findings do not establish direct mechanistic involvement of
prostaglandins or histamine in human thermoregulation but are
consistent with emerging evidence that multiple vasoactive me-
diators interact to optimize peripheral heat dissipation under
thermal stress. Future mechanistic studies incorporating direct
measurements of prostaglandins, histamine, nitric oxide, CGRP,
and skin blood flow will be required to confirm these physiologi-
cal pathways [21,64,67-81].

Physiological importance of sweating responses

Among all measured variables, sweat rate demonstrated the
largest physiological effect size (n?p=0.88), suggesting that su-
domotor function represented the most responsive thermoef-
fector during acute heat exposure. Although the sample size
limited statistical power for some outcomes, the magnitude
of the observed effect supports the biological importance of
sweating as the primary mechanism of evaporative heat loss.

Reduced sweating during prostaglandin blockade was ac-
companied by modestly greater thermal strain, suggesting that
even partial impairment of peripheral thermoeffector function
may decrease heat-loss efficiency. These findings are consis-
tent with previous investigations demonstrating that impaired
sweating contributes to increased susceptibility to heat intoler-
ance, particularly among individuals with reduced thermoregu-
latory reserve, older adults, and workers exposed to prolonged
environmental heat [19,82-90].

Implications for heat vulnerability and climate adaptation

The physiological responses observed in this study have
broader relevance in the context of global climate change and
increasing occupational heat exposure. Heat-related illness is
becoming an increasingly important public health challenge,
particularly among outdoor workers, older adults, and individu-
als with obesity, sedentary lifestyles, or chronic cardiometa-
bolic disease. Identification of early physiological indicators of
impaired heat dissipation is therefore critical for improving pre-
vention strategies and reducing heat-related morbidity.

Although exploratory, the present findings suggest that pe-
ripheral thermoeffector responses, particularly sweating effi-
ciency and skin temperature regulation, may represent sensi-
tive physiological markers of early heat strain before clinically
significant elevations in core body temperature occur. Future
validation of these responses, together with molecular bio-
markers of vascular function, could contribute to individualized
heat-risk assessment, occupational surveillance programmes,
and precision heat-health interventions in climate-vulnerable
populations [62,88,91-96].

Translational significance

The translational implications of this work extend beyond
experimental physiology. As environmental temperatures con-
tinue to rise, improved understanding of peripheral thermo-
regulatory function may inform occupational health guidelines,
athletic heat-management protocols, and community-based
climate adaptation strategies. Integration of wearable physi-
ological monitoring technologies with objective measures of

Environmental Sciences: Open Access



MedDocs Publishers

peripheral heat dissipation may facilitate early identification of
individuals at increased risk of heat-related illness and improve
the effectiveness of preventive interventions.

The present findings therefore provide a physiological frame-
work for future translational research investigating wearable
biosensors, personalized heat-risk prediction, and biomarker-
guided approaches to heat-health resilience [21,64,65,76-
79,82,91,97-101].

Strengths

Several strengths enhance the scientific value of this inves-
tigation. First, the repeated-measures crossover design mini-
mized interindividual variability by allowing each participant
to serve as his or her own control. Second, standardized envi-
ronmental conditions and exercise protocols improved inter-
nal validity and reproducibility. Third, continuous physiologi-
cal monitoring enabled detailed characterization of dynamic
thermoregulatory responses throughout baseline, exercise, and
recovery. Finally, pharmacological modulation provided an ethi-
cally acceptable and clinically relevant approach for exploring
physiological pathways potentially associated with NANC-medi-
ated thermoregulation.

Limitations

Several limitations should be acknowledged when interpret-
ing the present findings. First, this was an exploratory pilot
study involving only six participants, limiting statistical power
and generalizability. Consequently, the observed findings
should be regarded as preliminary and hypothesis-generating
rather than definitive.

Second, ibuprofen and cetirizine served as broad pharmaco-
logical probes rather than selective inhibitors of NANC signal-
ing. Although these agents provide indirect evidence regarding
prostaglandin- and histamine-associated pathways, they do not
permit definitive attribution of the observed physiological re-
sponses to specific molecular mechanisms.

Third, direct assessment of cutaneous vascular function us-
ing laser Doppler flowmetry, venous occlusion plethysmogra-
phy, or similar techniques was not performed. Likewise, circu-
lating or tissue biomarkers of prostaglandins, histamine, nitric
oxide, vasoactive intestinal peptide, or calcitonin gene-related
peptide were not quantified. Integration of physiological mea-
surements with molecular biomarkers will be essential for con-
firming the mechanistic basis of the observed responses.

Finally, the relatively short duration of heat exposure was de-
signed to ensure participant safety and may not fully replicate
the prolonged environmental or occupational heat stress expe-
rienced by climate-exposed populations. Future investigations
should include larger and more diverse cohorts, longer expo-
sure periods, direct vascular measurements, and comprehen-
sive biomarker profiling to better characterize NANC-mediated
thermoregulatory adaptation.

Future directions

Future research should expand these preliminary findings
through adequately powered randomized crossover studies
incorporating direct assessment of skin blood flow, endothelial
function, sweat gland activity, and circulating vasoactive media-
tors. Simultaneous measurement of prostaglandins, histamine,
nitric oxide metabolites, CGRP, and VIP would allow more pre-
cise characterization of the molecular pathways contributing to

peripheral heat dissipation.

Integration of wearable physiological sensors with biochemi-
cal biomarkers may facilitate development of precision ap-
proaches for early heat-risk detection in occupational, athletic,
military, and community settings. Such investigations will be
increasingly important as climate change intensifies the fre-
qguency, duration, and severity of environmental heat exposure
worldwide.

Conclusion

This pilot repeated-measures crossover study provides pre-
liminary physiological evidence consistent with a contributory
role of prostaglandin- and histamine-associated pathways in
peripheral thermoregulatory compensation during acute heat
exposure. Pharmacological modulation of these pathways at-
tenuated sweating and skin temperature responses while core
body temperature remained relatively stable, indicating that
peripheral heat-loss mechanisms effectively compensated for
increased thermal load during short-term exercise in the heat.

Although the study was not designed to establish causal
molecular mechanisms, the observed physiological patterns
support the concept that Non-Adrenergic, Non-Cholinergic
(NANC)-associated signaling may complement classical auto-
nomic pathways in facilitating human heat dissipation. These
findings expand current understanding of integrative ther-
moregulatory physiology and provide a foundation for future
mechanistic investigations incorporating direct assessment of
vascular function and molecular biomarkers.

Given the increasing frequency and intensity of environmen-
tal heat exposure associated with climate change, improved
understanding of peripheral thermoregulatory adaptation has
important implications for occupational health, environmental
physiology, and heat-risk management. Larger, adequately pow-
ered studies integrating physiological monitoring with biomark-
er profiling are warranted to validate these preliminary findings
and determine their potential application in personalized heat-
health assessment and prevention strategies.

Clinical perspective

Effective maintenance of thermal homeostasis depends on
rapid activation of peripheral heat-loss mechanisms before
clinically significant elevations in core body temperature occur.
The present findings suggest that changes in sweating efficiency
and skin temperature may provide sensitive physiological indi-
cators of early heat strain. Although exploratory, these observa-
tions support further investigation of peripheral thermoeffector
function as a potential physiological marker for identifying indi-
viduals at increased risk of heat-related illness.

Translational perspective

Rising global temperatures and increasing occupational heat
exposure present growing challenges to human health and pro-
ductivity. Improved understanding of peripheral thermoregula-
tory physiology may contribute to the development of individu-
alized heat-risk assessment strategies, wearable physiological
monitoring systems, and evidence-based occupational heat
management programmes. The present findings provide pre-
liminary physiological evidence supporting future translational
research aimed at improving heat resilience among climate-
vulnerable populations.
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What is already known?

Peripheral heat dissipation is traditionally attributed to auto-
nomic adrenergic and cholinergic pathways. Emerging evidence
indicates that prostaglandins, histamine, and other locally act-
ing vasoactive mediators may also participate in regulating cu-
taneous vasodilation and sweating, although their contribution
during acute heat exposure remains incompletely understood.

What this study adds

Using a repeated-measures crossover design with pharma-
cological physiological probes, this study demonstrates that in-
hibition of prostaglandin- and histamine-associated pathways is
accompanied by reduced sweating and altered peripheral ther-

moregulatory responses during controlled heat stress. These
findings provide preliminary evidence supporting a contributo-
ry role of NANC-related mechanisms in human heat dissipation.

How this study might affect research, practice, or policy

As extreme heat events become increasingly common, iden-
tifying early physiological markers of impaired heat dissipation
may improve occupational heat-risk assessment and climate-
health adaptation strategies. If validated in larger cohorts, pe-
ripheral thermoeffector responses could contribute to individu-
alized heat-vulnerability screening and wearable physiological
monitoring systems.
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