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Abstract A melatonin-mediated reduction in body tem-
perature could be useful as a “pre-cooling” intervention for
athletes, as long as the melatonin dose is optimised so that
substantial soporific effects are not induced. However, the
melatonin-temperature  dose-response relationship is
unclear in humans. Individual studies have involved small
samples of different sexes and temperature measurement
sites. Therefore, we meta-analysed the effects of exoge-
nous melatonin on body core temperature to quantify the
dose-response relationship and to explore the influence of
moderating variables such as sex and measurement site.
Following a literature search, we meta-analysed 30 data-
sets involving 193 participants and 405 ingestions of
melatonin. The outcome was the mean difference (95 %
confidence limits) in core temperature between the mela-
tonin and placebo-controlled conditions in each study,
weighted by the reciprocal of each standard error of the
difference. The mean (95 % confidence interval) pooled
reduction in core temperature was found to be 0.21 °C
(0.18-0.24 °C). The dose-response relationship was found
to be logarithmic (P < 0.0001). Doses of 0-5 mg reduced
temperature by ~0.00-0.22 °C. Any further reductions in
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temperature were negligible with doses >5 mg. The pooled
mean reduction was 0.13 °C (0.05-0.20 °C) for oral tem-
perature vs 0.26 °C (0.20-0.32 °C) for tympanic and
0.22 °C (0.19-0.25 °C) for rectal temperature. In conclusion,
our meta-regression revealed a logarithmic dose-response
relationship between melatonin and its temperature low-
ering effects. A 5-mg dose of melatonin lowered core
temperature by ~0.2 °C. Higher doses do not substantially
increase this hypothermic effect and may induce greater
soporific effects.

Keywords Pineal function - Thermoregulation - Sex -
Time of day - Temperature site

Introduction

The pineal secretory product, melatonin, plays an important
role in the human circadian system and has soporific and
hypothermic actions (Hughes and Badia 1997). Body tem-
perature is known to vary with time of day due to the circa-
dian rhythms of heat production and dissipation (Krauchi
and Wirz-Justice 1994). Core temperature declines during
the night (Krauchi 2007) and in nychthemeral conditions, the
nocturnal peak in melatonin levels corresponds to the nadir
in core temperature (Luboshizsky and Lavie 1998).

It is well-documented that exogenous melatonin has
hypothermic properties (Arendt and Skene 2005; Cagnacci
et al. 1994; Cagnacci et al. 1995; Cagnacci 1996; Gilbert
et al. 1999), but the mechanisms for this phenomenon have
yet to be fully elucidated. The ingestion of melatonin is
believed to facilitate peripheral vasodilation (Aoki et al.
2008; Cagnacci et al. 1997; Krauchi et al. 1997). Van der
Helm-Van Mil et al. (2003) reported that melatonin
increased peripheral vasodilation without altering cerebral
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blood flow or heart rate, implicating that melatonin acts via
receptors in the peripheral vasculature. Similarly, Cook et al.
(2011) reported that melatonin decreased renal blood flow
and increased forearm blood flow, with no change in cerebral
blood flow. These effects on vascular blood flow suggest that
the hypothermic effects of melatonin are mediated mainly by
enhanced heat loss mechanisms.

The exact dose-response relationship between exoge-
nous melatonin and core temperature is not yet well
described. The reductions in core temperature reported in
the literature appear to be variable, ranging from 0.1 to
0.4 °C (Atkinson et al. 2003; Macchi and Bruce 2004). The
relatively small sample sizes of the studies render the sta-
tistical precision (i.e. confidence intervals, CI) of individual
change in core temperature rather poor. Moreover, studies
are heterogeneous in terms of many important factors that
may influence core temperature responses, including study
population and core temperature site.

The hypothermic properties of melatonin could be bene-
ficial in certain circumstances. For example, a high ambient
temperature increases thermal strain during exercise and
occupational work. Core temperature may thus be a limiting
factor during such activities (Gonzalez-Alonso et al. 1999).
Therefore, a number of so-called “pre-cooling” methods
have been developed to reduce core temperature and thereby
enhance exercise performance in hot conditions (Booth et al.
1997; Marino 2002). The pre-cooling method of taking a
cold shower may not always be practical and the effects of
such a strategy may only last for 20-25 min (Lee and Hay-
mes 1995). Melatonin has also been considered in this con-
text of pre-cooling (Atkinson et al. 2003). Nevertheless, it is
important to identify the lowest dose of melatonin which
mediates a practically significant reduction in temperature,
so that any soporific effects associated with higher doses of
melatonin are minimised.

A meta-analysis can help improve the precision of effect
size estimation and be useful for exploring the influence of
various moderating factors on that effect size. Although
meta-analyses have been undertaken on the effects of
melatonin on sleep quality (Brzezinski et al. 2005), a meta-
analysis has not been applied to the context of exogenous
melatonin and thermoregulation. Therefore, the purpose of
the present study was to meta-analyse the hypothermic
properties of exogenous melatonin and quantify the dose—
response relationship.

Methods
Search strategy and criteria

We completed an extensive literature search and review for
all peer-reviewed studies that examined acute effects of
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melatonin administration on human body core temperature
in humans. The search databases were Academic Search
Complete, Medline and PubMed. The keywords and
phrases employed in the search included “melatonin”,
“Pineal”, “hypothermic effect of melatonin”, “melatonin
and temperature”, and “human thermoregulation and
melatonin levels”. Reference lists from published papers
were also scrutinised for other relevant studies not cited in
the online databases. For inclusion into the present meta-
analysis, studies had to comprise placebo-controlled
crossover-type trials, involve administration of an acute
dose of exogenous melatonin, provide information
regarding melatonin dose, have no other simultaneous
pharmacological intervention or infusion technique and
include the measurement of core temperature.

Review process

The initial search process resulted in the identification of
168 studies, of which 94 comprised human data that could
potentially be included in the analyses. Of these studies, 76
did not conform to the inclusion criteria or provide relevant
data and were subsequently removed. Inadequate reporting
of results in some of the papers presented difficulties.
These studies were excluded as they did not provide either
the pre- and post-mean or standard deviation data neces-
sary for the analysis. Eighteen studies remained relevant
for meta-analysis. Two further studies (McLellan et al.
1999, 2000) were removed due to the uncompensable
nature of heat loss in the experimental protocols, resulting
in a total of 16 studies. Although the studies (McLellan
et al. 1999, 2000) originally met the inclusion criteria, the
fact that participants wore nuclear, biological, and chemi-
cal protective clothing had a subsequent effect on heat loss
and thus they were not deemed suitable for inclusion within
the analysis. Six of the sixteen studies provided multiple
data-sets because different doses or conditions were
included in these individual studies. This resulted in a total
of 30 data-sets for analysis, comprising a total of 405
melatonin ingestions by a total of 193 participants.

Statistical analyses

Statistical analyses were conducted using Comprehensive
Meta-Analysis (V2) and Stata (Statcorp, Texas) software.
A random-effects meta-analysis of the mean difference in
core temperature (melatonin compared to placebo) was
conducted (Thompson and Higgins 2002). All of the
studies included in the analyses comprised a single-group
repeated measures design with control and experimental
condition, therefore the standard error calculated from the
standard error of the differences was meta-analysed. The
fully adjusted estimates from individual studies were
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calculated using the inverse variance method (Higgins and
Green 2008). Relative weights were assigned to the mean
change within each study on the basis of sample size and
between-subjects standard error. Publication bias was
assessed using Eggers regression intercept. This determines
whether the study estimate is related to the size of the
study. Heterogeneity was assessed using the I* statistic and
the Q test (Deeks et al. 2003). This examination was fol-
lowed-up by subgroup analyses based on sex, time of day
of ingestion and temperature measurement site.

The various moderators were also entered into a multi-
variate meta-regression model, which was undertaken
using Stata (Harbord and Higgins 2008). Studies were
coded for sex with ‘1’ referring to studies containing only
men, 2’ referring to studies containing only women and
‘3’ equating to mixed sex studies involving both men and
women. Melatonin dose was retained as a continuous
variable and analysed in raw units as well as after natural
logarithmic transformation. Time of day was categorised as
morning (before 12:00 h) and afternoon (12:00 h and
later). Temperature measurement sites comprised tym-
panic, rectal, oesophageal, intravaginal, and oral. Differ-
ences between levels of moderators were examined using
the 95 % CI of each summary mean difference, with o set
at 0.05.

Results

A summary of studies on the acute hypothermic effect of
exogenous melatonin is shown in Table 1. The overall
weighted mean reduction in body core temperature was
0.21 °C (0.18-0.24 °C) (P < 0.0005) as presented in the
forest plot (Fig. 1). Publication bias was assessed using
Eggers regression intercept and no statistically significant
publication bias was evident (P = 0.39). Nevertheless, the
study associated with the largest standard error (Atkinson
et al. 2005b) was found to also report the greatest reduction
in temperature. This study was removed in a sensitivity
analysis, but the pooled mean reduction remained as
0.21 °C (0.18-0.24 °C), and there was again little evidence
of publication bias (P = 0.46).

A statistically significant relationship was found
between dose of melatonin and the magnitude of temper-
ature reduction (P = 0.016, adjusted =20 %). How-
ever, there was evidence of a logarithmic dose—response
relationship, whereby relatively high doses did not seem to
mediate substantially larger hypothermic effects than rel-
atively low doses. Therefore, the dose variable was loga-
rithmically transformed (natural logarithm) and re-
analysed. A statistically significant logarithmic relationship
between melatonin and temperature reduction was
observed (P < 0.0001) and the adjusted 7 increased to

39 % (Fig. 2). Doses of 0-5 mg reduced temperature by
~0.00-0.22 °C. Any further reductions in temperature
were negligible with doses >5 mg.

The results of the multivariate meta-regression (overall
adjusted r* = 71 %) indicated that the reduction in body
temperature was not substantially influenced by sex,
although the effect approached statistical significance
(P = 0.089). The weighted mean reductions in body core
temperature were 0.21 °C (0.16-0.25 °C) for data-sets
comprising only men (n = 16), 0.23 °C (0.07-0.38 °C) for
studies comprising only women (n =2) and 0.22 °C
(0.18-0.26 °C) for mixed sex studies (n = 12). Fifty per-
cent of the male only data-sets comprised high doses
(=5 mg) whilst all the female only data-sets utilised low
doses (<5 mg). The mixed sex data-sets comprised 75 %
low doses and 25 % high doses.

The multivariate meta-regression indicated that the
reduction in body temperature was effected by temperature
measurement site (P = 0.005). A decrease in core tem-
perature of 0.3 °C (0.22-0.38 °C) was identified in the
data-set involving intravaginal measurements (n = 1; low
dose) compared with 0.16 °C (0.10-0.25 °C) for oesoph-
ageal (n = 1; low dose), 0.13 °C (0.05-0.20 °C) for oral
measurements (n = 4; 75 % low dose, 25 % high dose);
0.26 °C  (0.20-0.32 °C) for tympanic measurements
(n=15; 40 % low dose, 60 % high dose), and 0.22 °C
(0.19-0.25 °C) for rectal measurements (n = 19; 63 % low
dose, 37 % low dose).

The mean weighted reduction in body core temperature
was 0.19 °C (0.15-0.24 °C) for data-sets in which mela-
tonin was administered before 12:00 h (n = 17; 35 %
high) and 0.23 °C (0.19-0.27 °C) for studies carried out
after 12:00 h (n = 13). This difference was, however, not
statistically significant (P = 0.26).

Discussion

We have completed the first meta-analysis of the hypo-
thermic properties of melatonin to provide a more precise
estimate of induced temperature change, the dose—response
relationship, as well as an exploration of any between-
study moderators of this change. Meta-analyses serve a
useful purpose of quantifying the overall effect size from a
number of different studies that may have small sample
sizes. However, it is recognised that the analysis is
dependent on the quality of the published data in peer-
reviewed journals. It has been reported that there may be
tendency for “negative” outcome studies to remain
unpublished and thus influence the efficacy of the meta-
analysis. Nevertheless, no statistically significant publica-
tion bias was evident within the current study; however, we
cannot rule out that publication bias for “positive” findings
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Table 1 Summary of studies investigating the acute hypothermic effect of exogenous melatonin

Study Participants® Melatonin dose  Temperature  Time Effect (°C) Timing of peak temperature
(mg) site suppression (post melatonin
administration) (min)
Aizawa et al. (2002)  7F, 21-23 years 3 Tympanic 11:00 h 10.144 60
Aoki et al. (2006) 8§ M 3 Oesophageal 13:00 h 1 0.160 120
Atkinson et al. 6M,27 £ 6.6 years 2.5 Rectal 11:00 h 1 0.250
(2005a)
Atkinson et al. 12 M, 25 + 5 years 5 Tympanic 11:00 h 1 0.490 75
(2005b)
Burgess et al. (2001) 8 M, 8 F, 5 Rectal DLMO 10.270 150
21 £ 2.7 years
Cagnacci et al. (1992) 12 F, 20-41 years 2.5 Intravaginal ~ 08:00-12:00 h | 0.300
Dawson et al. (1996) 21 M, 11 F, 0.1-5 Rectal 16:00 h l
18-32 years 0.155-0.300
Deacon et al. (1994) 8 M, 23-28 years 5 Rectal 17:00 h 1 0.260 154
Deacon and Arendt 3 M, 3F, 0.05-5 Rectal 17:00 h l 134-150
(1995) 23-28 years 0.180-0.350
Dollins et al. (1994) 20 M, 0.1-10 Oral 11:45 h
23 £ 4.2 years 0.050-0.220
Gilbert et al. (1999) 13M, 7F, 5 Rectal 14:00 h 1 0.170 120
24 £+ 0.4 years
Hughes and Badia 8 M, 18-30 years 1-40 Tympanic 10:00 h
(1997) 0.250-0.330
Krauchi et al. (1997) 8 M, 21-31 years Rectal 13:00 h 10.135
Reid et al. (1996) 16 M, Rectal 14:00 h 10.310 180
20.3 £+ 2.4 years
Satoh and Mishima 6 M, 19-24 years 0.5-9 Rectal 09:30 h 129-229
(2001) 0.200-0.240
Van den Heuvel et al. 4 M, 4 F, 0.003-0.03 Rectal 10:00 h l
(1999) 24 + 0.7 years 0.110-0.180

M male, F female

% Ages presented as mean £ SD or range

only could have occurred in the present context, nor indeed
most other fields of research.
We found that the pooled estimate of the reduction in

body core temperature following melatonin administration
was 0.21 °C (0.18-0.24 °C). The present meta-analysis,
which weighted larger and more precise studies higher in
the estimation of the pooled effect, has thus clarified that
melatonin ingestion mediates a reduction of core temper-
ature which is large enough to be useful in a number of
‘real world’ and clinical contexts. For example, various
pre-cooling methods have been devised to reduce body
core temperature prior to an endurance-based sporting
event (Booth et al. 1997; Marino 2002). Arngrimsson et al.
(2004) reported a similar drop of 0.2 °C in rectal temper-
ature following the use of a cooling vest. This reduction
resulted in a mean reduction in 5-km run time of 1.1 %.
The rationale behind a pre-cooling strategy is to reduce
body temperature, before exercise, thereby increasing the
margin for metabolic heat production and increasing the
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time to reach exhaustion due to elevated core temperature
(Marino 2002). It has been reported that rectal temperature
can be reduced by 0.2-0.3 °C following 30 min of pre-
cooling induced by interventions like cold showers or baths
(Hasegawa et al. 2006). Nevertheless, such interventions
can be difficult for some people to tolerate. Therefore, the
ingestion of melatonin may be a more tolerable pre-cooling
approach for exercise in the heat.

Aoki et al. (2006) reported that daytime ingestion of
melatonin stimulates the cutaneous active vasodilator sys-
tem’s response to body heating by altering the threshold for
activation to a lower core temperature. Atkinson et al.
(2005a) reported that a 2.5-mg dose of melatonin prior to a
bout of intermittent exercise in a moderately hot environ-
ment attenuated the rise in core temperature and magnified
the increase in skin blood flow without any influences on
subjective alertness and sleepiness. However, performance
was not measured in this study. Consequently, further studies
are required to determine whether the hypothermic effect of
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Fig_ 1 Forest plO[ showing the Study name Statistics for each study Mean and 95% Cl
individual mean (95 % CI) Standard Lower - Upper
. Mean emor  Varance limit limit Z-Value p-Value
change n core temperature .

. 1 Aizawa et al. (2002) -0.144 0.054 0.003 -0.249 -0.039 -2683 0.007 -
following an acute dose of 2 Aoki et al. (2006) 0160 0042 0002 0243 0077 3771 0000 -
melatonin in each data-set. The 3 Atkinson et al. (2005a) -0.250 0058 0003 0364 0.136 4312 0.000 -

. 4 Atkinson et al. (2005b) -0.490 0.228 0.052 -0.937 0.043 2143 0.032 —_—
final row of this figure shows 5 Burgess etal. (2001) 0270 0015 0000 0299 0241 18000 0.000 ]
the pooled mean reduction in 6 Cagnacci et al. (1992) 0300 0040 0002 0379 0221 7476 0000 -
7 Dawson et al. (1996) -0.155 0.025 0.001 -0.204 -0.106 -6.175 0.000 | §
core temperature 8 Dawson et al. (1996) -0.175 0.025 0.001 -0.224 0.126 6971 0.000 | §
9 Dawson et al. (1996) -0.225 0.025 0.001 -0.274 0.176 -8.963 0.000 [ }
10 Dawson et al. (1996) -0.300 0.025 0.001 -0.349 -0.251 -11.951 0.000 | §
11 Deacon et al. (1994) -0.260 0.067 0.005 -0.392 -0.128 -3.870 0.000 ——
12 Deacon & Arendt (1995) -0.180 0.030 0.001 -0.239 -0.121 5958 0.000 =
13 Deacon & Arendt (1995) -0.300 0.030 0.001 -0.359 -0.241 9930 0.000 =»
14 Deacon & Arendt (1995) -0.350 0.030 0.001 -0.409 -0.291 -11.585 0.000 =
15 Ddllins et al. (1994) -0.050 0.020 0.000 -0.089 0011 -2512 0.012 |
16 Ddllins et al. (1994) -0.090 0.020 0.000 -0.129 -0.051 4.522 0.000 [ ]
17 Ddllins et al. (1994) -0.140 0.020 0.000 -0.179 -0.101 -7.035 0.000 | |
18 Ddllins et al. (1994) -0.220 0.020 0.000 -0.259 -0.181 -11.055 0.000 [ ]
19 Gilbert et al (1999) -0.170 0.020 0.000 -0.209 -0.131 8542 0.000 | ]
20 Hughes & Badia (1997) -0.250 0.021 0.000 -0.292 -0.208 -11.785 0.000 [ |
21 Hughes & Badia (1997) -0.280 0.039 0.002 -0.356 -0.204 -7.200 0.000 i
22 Hughes & Badia (1997) -0.330 0.032 0.001 -0.392 -0.268 -10.371  0.000 E 3
23 Krauchi et al. (1997) -0.135 0.050 0.003 -0.233 -0.037 -2689 0.007 -
24 Reid et al. (1996) -0.310 0.050 0.003 -0.408 -0.212 -6.200 0.000 -
25 Satoh & Mshima (2001) -0.200 0.058 0.003 -0.314 -0.086 -3.450 0.001 -
26 Satoh & Mshima (2001) -0.200 0.058 0.003 -0.314 -0.086 -3450 0.001 -
27 Satoh & Mshima (2001) -0.240 0.058 0.003 -0.354 0.126 4.140 0.000 —
28 Van denHeuvel et al. (1999) -0.110 0.030 0.001 -0.169 -0.051 -3.660 0.000 =
29 Van denHeuvel et al. (1999) -0.160 0.040 0.002 -0.238 -0.082 4.005 0.000 E
30 Van denHeuvel et al. (1999) -0.180 0.040 0.002 -0.258 -0.102 4.505 0.000 L
-0.211 0.016 0.000 -0.242 -0.180 -13.387 0.000 ’
-1.00 -0.50 0.00 0.50 1.00
Decrease Increase

4 5
— —

3

Mean reduction in temperature (OC)

[XQ
IS

2 0
Melatonin dose (log transformed mg)

Fig. 2 Meta-regression of melatonin dose (logarithmically trans-
formed) and the mean reduction in core temperature in each data-set.
The size of each x—y symbol is proportional to the precision of each
estimate of reduction in temperature

melatonin established in the current meta-analysis actually
has an impact on exercise performance in compensable
conditions. Furthermore, it may be that a small dose of
melatonin, that in principle would reduce the potential sop-
orific effects of melatonin compared with higher doses, may
be used in combination with other established pre-cooling
strategies, e.g. cold water immersion, ice jacket, cold fluid
ingestion, to determine whether there is potential additive
effect of multiple interventions.

The time-course of the effect of melatonin on core tem-
perature also warrants further investigation. The timing of the

Temperature change

peak suppression of core temperature varied between 60 and
229 min in the studies, but there was insufficient data to
explore time-course as a moderator. Cagnacci et al. (1992)
reported that a daytime administration of melatonin was
accompanied by a rapid rise (within 20 min) in endogenous
melatonin and a parallel decrease in core temperature. Van
den Heuvel et al. (1999) reported that melatonin has a sup-
pressive effect on daytime core temperature for at least 1-2 h
after plasma melatonin levels return to normal daytime values.
However, these researchers noted that an injection of mela-
tonin at very-low doses suppresses the normal daytime
increase in core temperature for only ~30-90 min. Satoh and
Mishima (2001) reported that the hypothermic action of
exogenous melatonin lasts approximately 3 h. The magnitude
of suppression was positively correlated with endogenous
levels of melatonin. Similarly, Dawson et al. (1996) demon-
strated that melatonin can display hypothermic effects for at
least 4 h post administration in a dose-dependent manner.
Our meta-regression revealed a logarithmic dose—
response relationship between melatonin and its temperature
lowering effects. A 5-mg dose of melatonin lowered core
temperature by ~0.2 °C. Higher doses did not substantially
increase this hypothermic effect and may induce detrimental
soporific effects. The logarithmic dose-response relation-
ship supports the notion that a dose-response relationship
between melatonin and core temperature may exist, and a
threshold prevails whereby raising melatonin levels to a
detectable physiological level can result in a hypothermic
effect (Cagnacci et al. 1994). Studies have reported
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considerable variability in plasma melatonin profiles fol-
lowing administration, particularly in the lower doses. Pre-
vious research (Burgess and Fogg 2008) has reported a large
individual variability in endogenous salivary melatonin
profiles with peak values ranging from 2 to 84 pg/ml. These
combined findings provide further weight to the argument
that a physiological threshold in endogenous melatonin may
be linked to the maximum hypothermic effect.

Time of day of melatonin ingestion was not found to
moderate the temperature reduction. It is well established
that time of day has an impact on endogenous melatonin
(Arendt 1998, 2005; Dawson and van den Heuvel 1998;
Lewy 1999). Typically, melatonin levels begin to increase
before sleep, peak in the early hours of the morning and
decrease to daytime levels after waking (Burgess and Fogg
2008). This relationship is inverse to that of core temperature
(Arendt and Skene 2005). Diurnal-living humans are in a
state of heat gain in the morning and heat loss in the evening
(Morris et al. 2009). The endogenous origin of the circadian
variation in body temperature is the suprachiasmatic nuclei,
which also influences the diurnal variation in melatonin
secretion from the pineal gland (Hofman and Swaab 1993). It
has been proposed that a role of melatonin is to regulate the
diurnal variation in core temperature and that hypothermic
effects of melatonin may explain at least half of the diurnal
variation in core temperature observed in constant routine
conditions (Cagnacci et al. 1992; Dawson et al. 1996).

Melatonin mediated a hypothermic effect at all tem-
perature measurement sites studied, but the magnitude of
effect differed between sites. It is recognised that mea-
surement of “core” temperature does not necessarily refer
to one specific anatomical location (Byrne and Lim 2007).
Oesophageal temperature is deemed a gold standard site,
since it provides the closest agreement with central blood
temperature, and is sensitive to rapid changes in tempera-
ture (Moran and Mendal 2002). Yet, within the current
meta-analysis only one study, involved oesophageal tem-
perature measurement, probably because of the invasive
nature of this method (Morris et al. 2009). There was little
difference in hypothermic response between tympanic and
rectal temperature sites, but the hypothermic effect was
smaller for oral temperature, probably due to the variability
and proneness to masking influences with this site (Lim
et al. 2008). For example, it may take at least 5 min to gain
a stable reading for this measurement site, which is even
influenced by breathing rate (Lim et al. 2008).

Conclusions
We have undertaken the first meta-analysis of studies on the

hypothermic effects of melatonin ingestion in humans. The
overall weighted mean reduction (95 % CI) in body core
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temperature following melatonin ingestion was found to be
0.21 °C (0.18-0.24 °C). We found that a logarithmic rather
than a linear relationship best described the dose-responses
of melatonin on temperature lowering. A 5-mg dose of
melatonin lowered core temperature by ~0.2 °C. Higher
doses do not substantially increase this hypothermic effect
and could induce soporific and anti-ergogenic effects.
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