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Abstract

Background—Coagulation abnormalities contribute to poor outcomes in critically ill patients.
In trauma patients exposed to a hot environment, a systemic inflammatory response syndrome,
elevated body temperature, and reduced central blood volume occur in parallel with changes in
hemostasis and endothelial damage. The objective of this study was to evaluate whether
experimentally elevated body temperature and reduced central blood volume (CBV) per se affects
hemostasis and endothelial activation.

Methods—Eleven healthy volunteers were subjected to heat stress, sufficient to elevate core
temperature, and progressive reductions in CBV by lower body negative pressure (LBNP).
Changes in hemostasis were evaluated by whole blood haemostatic assays, standard hematologic
tests and by plasma biomarkers of coagulation and endothelial activation/disruption.

Results—Elevated body temperature and decreased CBV resulted in coagulation activation
evidenced by shortened activated partial tromboplastin time (-9% [IQR -7; —4]),
thrombelastography: reduced reaction time (-15% [-24; —4]) and increased maximum amplitude
(+4% (2; 6)), all < 0.05. Increased fibrinolysis was documented by elevation of D-dimer (+53%
(12; 59), P=0.016). Plasma adrenaline and noradrenaline increased 198% (83; 346) and 234%
(174; 363) respectively (P=0.006 and = 0.003).

"Corresponding author: Section for Transfusion Medicine, Capital Regional Blood Bank, Dept. 2034, Rigshospitalet, Blegdamsvej 9,

DK-2100 Copenhagen, Denmark. martin.as.meyer@gmail.com (M.A.S. Meyer).



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Meyer et al. Page 2

Conclusions—This experiment revealed emerging hypercoagulability in response to elevated
body temperature and decreased CBV, whereas no effect on the endothelium was observed. We
hypothesize that elevated body temperature and reduced CBV contributes to hypercoagulability,
possibly due to moderate sympathetic activation, in critically ill patients and speculate that
normalization of body temperature and CBV may attenuate this hypercoagulable response.
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1. Introduction

Disturbances in coagulation are seen as complications to various clinical conditions
contributing to the morbidity, and in severe cases, the mortality of patients [1]. Infection,
systemic inflammatory syndrome (SIRS) [2] and trauma in a hot environment [3,4] can all
reduce the central blood volume (CBV) [5]. Only sparse information exists on the effects of
elevated body temperature and reduced CBV isolated from concurrent influence of
endotoxins in severe infections [1], or tissue injury in various trauma [4].

SIRS is a non-specific host reaction that manifests in response to various insults such as
infection, trauma, and surgery [6], and is defined by two or more of the following symptoms:
an elevated or decreased core temperature, increased heart rate, increased respiration rate or
decreased arterial CO, content, and an elevated or decreased leucocyte count. SIRS caused
by infection is by definition sepsis. During the time course of SIRS and sepsis, core
temperature can increase dramatically initially, but then decrease below normal when the
body can no longer meet the metabolic demands associated with fever. Increases in vascular
conductance and capillary leakage during severe sepsis can lead to shock and the endothelial
damage that accompanies SIRS and sepsis may lead to disturbed hemostasis reflecting an
imbalance between pro-coagulant and fibrinolytic mechanisms [1]. Signs of an activated
coagulation system in SIRS include increased thrombin formation, D-dimer levels, and
markers of endothelial damage [7]. Disruption or dysfunction of the endothelium and the
associated glycocalyx contributes to the disorders of the coagulation system and bridges the
pathways of inflammation and coagulation [1,8]. The anticoagulant pathways: tissue factor
pathway inhibitor, anti-thrombin, and thrombomodulin/protein C, are all linked to the
endothelium and/or glycocalyx and conditions with profound systemic inflammation are
often associated with disturbances in these pathways [1]. As these pathologic changes, i.e.
elevations in body temperature, decreased central blood volume and inflammation often
occur simultaneously, it is difficult to determine cause and effect. A model capable of
inducing elevated body temperature and central hypovolemia without concurrent presence of
endotoxin/infection or profound tissue injury could provide new insight to the
pathophysiology of coagulation disturbances in SIRS.

In the present study, elevated body temperature and decreased CBV were induced
successively in healthy volunteers by whole-body heating combined with lower body
negative pressure (LBNP) to investigate their distinct impact on the hemostatic system.

J Surg Res. Author manuscript; available in PMC 2016 July 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Meyer et al.

Page 3

Applied as separate interventions, both heat stress and LBNP have been shown to lower
CBYV [9,10] and lead to an activation of coagulation [11,12]. Furthermore, sympathetic
activity increases during heat stress [13] and LBNP [14], and catecholamines are expected to
modulate the coagulation system [15].

The purpose of this study was to investigate hemostasis as evaluated by whole blood
hemostatic assays together with plasma markers of coagulation and endothelial activation/
disruption, as well as plasma concentrations of catechol-amines, in response to elevated core
temperature and decreased central blood volume. We hypothesized that combined heat stress
and LBNP would provoke activation of the coagulation system and concurrent counteractive
activity of the endothelium [16].

2. Methods

This was an experimental study in healthy volunteers. Eleven healthy males provided written
informed consent to participate in the study that was approved by the ethical committee of
Capital Region, Denmark (protocol number H-1-2010-040) and conducted in accordance
with the Declaration of Helsinki. Subjects had a median age of 23 y (IQR 22-25), a height
of 179 cm (179-183), and weighed 79 kg (73-83). No subject was taking any medication 2
wk prior to the experiments and had not shown symptoms of orthostatic intolerance prior to
the experiment. Sample size was based on experiences from a previous study of coagulation
during LBNP [12]. Results from the study, focusing on the effect of heat stress and LBNP on
cardiac output and systemic vascular resistance, have previously been published [17].

2.1. Instrumentation and measurements

Subjects were dressed in a water-perfused tube-lined suit to allow for control of skin
temperature, then placed in a supine position, instrumented for monitoring and blood
sampling, and positioned with the lower body in the LBNP chamber as previously published
[17]. Core temperature was measured via right heart catheter (Arteria pulmonalis). Referred
blood values are arterial.

2.2. Experimental protocol

Following instrumentation, the subject rested quietly in the supine position while
thermoneutral water (34°C) circulated through the suit. After a 10 min steady state rest
period, the subjects were exposed to passive whole-body heat stress by perfusion of the suit
with 49°C water until core temperature had increased by 1.5°C or as tolerated by the
subjects (median increase: 1.3°C). Once this objective was achieved, the water temperature
was slightly reduced to attenuate further increases in core temperature. At this point, mild
decrease in CBV was induced by application of 15 mmHg LBNP for ~6 min. More severe
LBNP was then imposed by elevating the negative pressure to ~40 mmHg and held at this
level until signs or symptoms of presyncope (e.g., sudden onset of nausea, light-headedness,
bradycardia, and/or hypotension) were identified, at which time LBNP was terminated.
During the ensuing 15 min recovery period, the suit was perfused with cold water to return
the subject towards normal core temperature. The time from initiation of heat stress until
termination of LBNP was 51 (51-53) min, including a total duration of LBNP of 7 (6-8)
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min. Blood samples were obtained while subjects were normothermic, heat stressed prior to
the onset of LBNP, immediately following the termination of LBNP, and 15 min after the
end of LBNP. LBNP has previously been shown to produce drastic changes in CBV, and a
LBNP =40 mmHg can displace upwards of 1000 mL fluid from the circulation to the pelvis
and lower extremities. This corresponds to a severe hemorrhage with loss of 20% or greater
of total blood volume [18].

2.3. SIRS severity scoring

SIRS is diagnosed when two or more of the following four criteria are present [6]: (1)
systemic temperature >38° or < 35° C; (2) heart rate >90 beats min~1; (3) respiratory rate
>20 breaths*min~1 or PaCO, <4.3 kPa (32 mmHg); (4) leukocytes > 12 or <4 10%*L~1 or
>10% immature neutrophils.

2.4. Thrombelastography (TEG)

Whole blood viscoelastic hemostatic assays (VHA) provide insight to the hemostatic process
of secondary hemostasis, from initiation of clot formation to amplification and propagation
as well as the fibrinolytic activity [19]. Blood samples for TEG coagulation analysis were
drawn into tubes containing citrate (nine volumes of blood into one volume of 0.129 M
citrate; Vacutainer System; BD Biosciences, Plymouth, UK). The following tests were
performed: citrated kaolin (CK), citrated kaolin with heparinase (CKH), and functional
fibrinogen (FF) in concordance with instructions by the manufacturer. CK and CKH are
activated through the internal pathway and FF through the external pathway by tissue factor.
CKH contains substances capable of inhibiting the anticoagulant effect of heparin and,
accordingly, any differences in results obtained from CK and CKH could reflect an influence
of heparin in the patient; for this study, no heparin was used and a heparin effect would be of
endogenous origin. FF reflects the enzymatic cascade in coagulation, particularly fibrin
polymerization, since platelets are inhibited by blocking of the Gpllb/Illa fibrinogen
receptors. Samples were analyzed within 30 to 60 min after retrieval. The hemostatic process
was recorded by a TEG coagulation analyzer (5000 series; Haemonetics Corp, Braintree,
MA) and the variables determined include: R (min), Angle (degrees), the maximal amplitude
(MA; mm), and lysis (Ly30; %). All samples were analyzed at 37°C regardless of core
temperature, to monitor persistent changes in hemostasis in the subjects and not changes in
enzyme kinetics due to temperature alterations in the TEG cup.

2.5. Electronic platelet aggregometry (multiplate)

Platelet aggregometry addresses the primary hemostasis i.e., aggregation of platelets after
specific agonist activation. The electronic platelet aggregometer measures the increase in
electrical impedance (i.e., the resistance to current) between two electrodes suspended in
whole blood while platelets adhere to their surfaces upon activation [20]. Blood samples for
multiplate analysis were drawn into tubes containing heparin Vacutainer system and
analyzed by impedance aggregometry using a multiple platelet function analyzer (Multiplate
Analyzer, Software v. 2.02.11; Dynabyte GmbH, Munich, Germany) according to the
manufacturer’s recommendations within 2 h after retrieval. Platelet aggregation was
determined in response to test reagents (Dynabyte GmbH). The increase in impedance by
the attachment of platelets onto the Multiplate sensors is transformed to arbitrary
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aggregation units (AU) and plotted against time. For each applied platelet agonist, the area
under the aggregation curve (AUC; AU x min or U [1 U = 10 AU x min]) was recorded after
6 min of analysis.

2.6. Enzyme-linked immunosorbent assay (ELISA)

Blood samples for ELISA analysis were drawn into a tube containing EDTA (Vacutainer
system) and were immediately suspended into ice water and spun (2000 g for 10 min) within
60 min and then stored at —80°C until analysis. Analysis was performed using commercially
available kits: catecholamines (2-CAT ELISA, Labor Diagnostika Nord GmbH & Co. KG,
Nordhorn, D; lower level of detection (LLD) Noradrenaline: 44 pg*mL~1, Adrenalin: 11
pg*mL~1), Syndecan-1 (sCD138 ELISA Kit, Diaclone SAS, Besancon, F; LLD <2.56
ng*mL~1), soluble thrombomodulin (CD141 ELISA KIT, DIACLONE SAS, Besancon, F;
LLD <0.380 ng*mL™1), Protein C (Protein C ELISA Kit, Helena Laboratories, Beaumont,
TX; LLD 5% relative to reference plasma), D-dimer (IMUCLONE D-Dimer ELISA,
American Diagnostica Inc, Stamford, CT; LLD 2-4 ng*mL™1).

2.7. Hematology

Hematocrit, platelet, and leukocyte counts were measured using XE-2100 (Sysmex
Corporation, Kobe, Japan); C-reactive protein was determined with a “Modular P-Module”
(Roche, Basel, Switzerland); fibrinogen concentration (Clauss method), activated partial
tromboplastin time (aPTT) and international normalized ratio were determined utilizing the
ACL TOP (Beckman Coulter, Brea, CA); aPTT was initiated using Hemosil aPTT-SP liquid,
local reference value 23-35 s.

2.8. Statistics

Statistical analysis was performed using SPSS 17 (SPSS Inc, Chicago, IL). Sample data
were tested for normal distribution with Shapiro—-Wilkinson test and found largely not to be
normally distributed; consequently, all data were expressed as medians and IQR. Friedman
nonparametric repeated measures test was used to evaluate for variance and followed, if
significant, by Wilcoxon signed rank post hoc test. A level of £< 0.05 was considered
statistical significant.

3. Results

Vital signs: heart rate (HR), mean arterial blood pressure (MAP), and temperature are
depicted in Figure 1. HR increased in response to heat stress (2= 0.003), and remained
elevated during the decrease in CBV by LBNP (versus baseline £=0.004 and versus heat
stress £=0.075), which also caused a decrease in MAP (versus baseline and heat stress P=
0.003 for both). Raw values for core temperature (Arteria pulmonalis) and MAP (Arteria
brachialis) are shown in Figure 2. During the recovery period, as the subjects were actively
cooled to approximate normothermia, HR and MAP returned to baseline values (P = 0.959
and P=0.574, respectively). Five of the eleven subjects fulfilled three of the four SIRS
criteria (HR >90 beats*min~, PaCO, <4.3 kPa, temperature >38°C), and another four met
two criteria during the experiment (HR >90, PaCO, <4.3). Therefore, nine of the 11 subjects
were classified as fulfilling SIRS criteria.
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Blood variables are listed in Table (top). aPTT decreased during both heat stress (= 0.04)
and LBNP (versusbaseline £=0.003) (Fig. 3A), corresponding to a decrease of 9% (4-7)
during LBNP versus baseline levels. Hematocrit increased during heat stress and remained
elevated during LBNP and recovery (P < 0.001) with elevations corresponding to relative
increases of 2% (2-4), 5% (2-7), and 2% (1-4), respectively versus baseline. Platelet and
leukocyte count increased during both heat stress (both £=0.003) and LBNP (both P=
0.003) and returned in the recovery phase to the levels observed during heat stress (platelets:
+8% (4-12), +17% (16-20), +6% (3-6), respectively, versus baseline) (leukocytes: +15%
(9-23), +43% (25-47), +17% (12-22), respectively, versus baseline). D-dimer increased
during LBNP (versus baseline £=0.016) and remained elevated during the recovery (Fig.
3B). The endothelial derived biomarkers syndecan-1 and soluble thrombomodulin and the
anticoagulant protein C, did not change significantly during the experiment. Plasma
adrenaline increased during LBNP (versus baseline = 0.006 and versus heat stress P=
0.026) and noradrenaline increased during heat stress (P = 0.006) with a further increase
during LBNP (versusbaseline = 0.003 and versus heat stress P = 0.026); reaching levels of
198% (83; 346) and 234% (174; 363), respectively, of baseline values during LBNP.

Results for functional hemostatic assays are depicted in Table (bottom) and Figure 3C and

D. TEG R (CKH only) decreased during heat stress and LBNP (baseline, versus heat stress P
=0.01; versus LBNP P=0.02) and MA increased during LBNP (versusbaseline A= 0.041
and versus heat stress £=0.022), whereas no significant effect of neither heat stress nor
subsequent LBNP was found for Ly30 or TEG FF parameters. Multiplate revealed no
changes in platelet aggregation (AUC) at any of the time points investigated.

4. Discussion

The main finding of the study was that elevated body temperature and decreased central
blood volume, by LBNP, induced an activation of the sympathetic, coagulation, and
fibrinolytic systems, whereas no effect on the endothelium was observed. Nine of 11
subjects fulfilled the SIRS criteria, indicating profound physiologic stress. In essence, the
coagulation tests indicated a relative hypercoagulability and corresponding increase in
fibrinolysis in response to increased core temperature and decreased central blood volume.

The impact of heat stress, as illustrated by increased circulating catecholamine levels, was
sufficient to provoke both activation of the cardiovascular system with an increase in HR and
activation of the coagulation system as evidenced by a decrease in both TEG R and aPTT.
Furthermore, addition of LBNP, provoking a decrease in CBV, resulted in a decrease in
MAP and further activated the coagulation system documented by an increase in clot
strength (MA). Increased fibrinolysis could be identified by increased D-dimer during
LBNP, whereas TEG Ly30 did not change, probably reflecting relatively low sensitivity of
TEG [21]. The decrease in aPTT was larger than that reported during LBNP in
normothermic subjects [12]. This difference in coagulation activation could reflect different
stress levels since plasma adrenaline levels reached higher levels during combined heat and
LBNP than LBNP alone [14]. The dose-dependency in coagulation activation in relation to
sympathetic activation was further illustrated by the increase in D-dimer levels. Hence, there
was an increase in D-dimer only after the combination of heat and LBNP, which is in
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accordance with a study reporting that LBNP alone does not cause increased fibrinolytic
activity as evaluated by D-dimer [12]. The modest increase in hematocrit, probably
reflecting a reduction of plasma volume that occurred during this experiment [22], could
partially be responsible for the concomitant increases in platelets and leukocytes, although
the increase in hematocrit was relatively smaller. Also, this apparent hemoconcentration
might have modulated factors not measured during this experiment that could have affected
the observed relative hypercoagulability.

Investigations of hemostasis during hyperthermia have revealed a similar activation of
coagulation [11] and fibrinolysis [23] as in the present experiment but there exists no clear
description of the mechanism responsible for these changes on hemostasis. It has, however,
been considered that platelet activation in response to increased temperature with a
secondary activation of the coagulation factors or changes in endothelial function could be
responsible for the alterations in coagulation [11]. Similarly, LBNP activates coagulation
[12]. Common to hyperthermia [13], LBNP [14], and here the combination of both, is an
increase in sympathetic activity, which results in increasing levels of catecholamines in the
systemic circulation.

The influence of physiological stress on coagulation has been studied during for example
exercise and various pathological conditions. Results from healthy individuals performing a
marathon revealed activation of coagulation with decreased clotting time and increased clot
strength as evaluated by VHA, an increase in thrombin generation and D-dimer levels, and a
reduction in aPTT [24]. Similarly, major visceral surgery has been associated with
development of a hypercoagulable state that correlated with development of thromboembolic
complications postoperatively [25]. Also, some patients with sepsis demonstrate TEG
hypercoagulability secondary to coagulation activation [26].

Remarkably, no significant effect of combined heat stress and LBNP was found when
evaluating platelet aggregation with Multiplate despite the finding of increased clot strength
(TEG MA). Thus, the increase in clot strength could be an effect of increased numbers of
circulating platelets rather than increased platelet reactivity. Regarding the increase in
platelet numbers, this could reflect an effect of increased concentration of epinephrine,
which reportedly recruits the splenic pool of platelets [27,28].

The importance and activation of the neurohumoral system in critical illness, including
trauma and sepsis [29], and its dose-dependent effects on the vascular system [29,30],
including the endothelium [31], are well established. Syndecan-1, a constituent of the
glycocalyx, is increased in non-surviving trauma patients [32], and in patients with ST-
segment elevation myocardial infarction (STEMI) in shock compared with non-shocked
STEMI patients [33], indicating severe derangement of this structure that correlates with
levels of circulating adrenaline and noradrenaline. In the present study, no significant change
in endothelial markers, including syndecan-1, was observed secondary to heat and LBNP
indicating that the “stressor” provided in the present experiment and/or the catecholamine
surge secondary to this were together insufficient to derange the vasculature. Studies of
high-dose endotoxin infusion in healthy volunteers to model systemic inflammation have
demonstrated an increase in core temperature and an acute hypercoagulability with
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indications of endothelial cell activation [34]. In a similar study of low-dose endotoxin
infusion, we observed an induction of SIRS, hypercoagulability by TEG, and reduced
platelet aggregation by Multiplate that was paralleled by increases in circulating tissue
plasminogen activator [35]. Considering that hyperthermia is associated with
hypercoagulability both in the present study, where no infection exists, and in the endotoxin
study, it is tempting to consider hyperthermia as a contributor to the hypercoagulability that
is seen in response to SIRS and sepsis [1]. Although we did not observe any changes in the
measured biomarkers related to endothelial activation/damage, we consider it plausible that
the observed changes in the present study were driven by a partial activation of the vascular
endothelium, possibly by increased sympathetic activity, and consequent activation of
hemostatic processes including a relative hypercoagulability and profibrinolytic state
[15,16,36]. Activation of the endothelium has been described to include the release of both
pro-coagulant and anticoagulant factors from endothelial cells during /n vivo experiments of
catecholamine infusion [15].

In trauma, focus on body temperature has been directed to hypothermia and the avoidance/
correction by body and fluid heating. However, hyperthermia has a similar adverse impact
on mortality as hypothermia [4] and could progress if a hyperthermic patient is kept warm or
heated by default. The mechanism responsible for an increased mortality in hyperthermia
has yet to be established. CBV decreases during hyperthermia because of redistribution of
blood flow to cutaneous tissue [9]. Therefore, a hyperthermic person is likely to have a
reduced CBV even before an injury. A subsequent hemorrhage will, accordingly, lead to a
greater deficit in CBV relative to in a normothermic individual with a similar blood loss. The
present study investigated this condition and found an alteration of hemostasis when the
subject is first heated and then exposed to LBNP mimicking a central blood loss. This led to
the described hypercoagulability in combination with increased fibrinolysis. The extent of
fibrinolysis was not detectable by TEG, however, “occult fibrinolysis” (i.e., fibrinolysis
undetectable by VHA), evident by increasing D-dimer, could be responsible for an increased
risk of mortality in trauma.

Considering the increase in plasma catecholamines and activation of coagulation during heat
stress and progressive reductions in CBYV, the perspective of this study is that patients with
clinical conditions associated with elevated body temperature and reduced CBV, both of
which are common [2,5], could possibly benefit from optimization of CBV [37] and control
of body temperature, which also have beneficial effects on vasopressor requirements in
septic shock [38]. We suggest that the coagulation system of such patients should be
monitored with both conventional and functional hemostatic assays in order to recognize
and, if necessary, intervene on emerging hypercoagulable states. This should be investigated
in prospective studies.

In hyperthermic trauma patients, acute hypercoagulability, as observed during this
experiment, could serve to be protective against hemorrhage; however, such could not be
evaluated during this experiment. What further remains to be investigated is whether
hypercoagulability could evolve to a hypocoaguable state dominated by hyperfibrinolysis
[39] and consumption of coagulation factors [40] as seen in trauma-associated coagulopathy.
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4.1. Limitations

The present study has important limitations. Only presumed healthy males were evaluated so
the results presented may not apply to females or patients with comorbidities. Also, by not
evaluating the effect of heat or LBNP alone, and by not applying the interventions in random
order, we cannot exclude the possibility that the changes seen when combining heat and
LBNP only reflect the longer duration of heat stress (total duration of heat stress: 51 (51-53)
min including 7 (6—8) min of LBNP), although reports have demonstrated an effect of LBNP
alone on the hemostatic system limiting this possibility [12]. Owing to the low number of
study subjects, there is a risk of introducing a Type Il error that also should be taken into
account.

5. Conclusions

In confirmation of our hypothesis, elevated core temperature and subsequent reduction of
CBV resulted in activation of coagulation, indicating an emerging hypercoagulability, and
caused an increase in fibrinolysis. This response is very similar to that observed in low-dose
human experimental endotoxemia. Given the complications attributed to coagulation
disturbances in trauma, SIRS, and sepsis, the hyperthermia and LBNP model appears to be
useful in investigating the contribution of elevated body temperature and hypovolemia in the
pathophysiology that cause these coagulation disturbances. We hypothesize that elevated
body temperature and reduced CBV contribute to the hypercoagulability and
hyperfibrinolysis observed in SIRS.
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Vital signs HR, MAP, and pulmonary artery temperature (tmp) in 11 healthy subjects: at
baseline, after a 1.3°C increase in central temperature (+1.3°C), at the end of maximum

LBNP, and after a 15 min cooling period (15 min post). Median values with IQR are

displayed. *P < 0.05 versusbaseline; T£<0.05 versus heat stress; P <0.05 versus LBNP

(Wilcoxon signed rank post hoc test).
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Fig. 2.

Raw values (A), core temperature (B) MAP. Individual data from 11 healthy subjects: at
baseline, after a 1.3°C increase in central temperature (+1.3°C), at the end of maximum
LBNP, and after a 15 min cooling period (15 min post).
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8

Fig. 3.
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Coagulation tests (A) aPTT, (B) D-dimer, (C) TEG CKR, (D) TEG MA in 11 healthy
subjects: at baseline, after a 1.3°C increase in internal temperature (+1.3°C), at the end of
maximum (LBNP), and after a 15 min of cooling (15 min post). TEG, thrombelastograpy; R,
reaction time; CK, citrated kaolin TEG assay; CKH, citrated kaolin with heparinase TEG
assay; MA, maximum amplitude. Median values with IQR. *P< 0.05 versusbaseline; TP<
0.05 versus heat stress (Wilcoxon signed rank post hoc test).
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