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Molecular sensors and modulators
of thermoreception

Xuming Zhang*
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Figure 1. A schematic diagram depicting the temperature sensitive ion channels. lon channels are
ordered according to their relative activation threshold to temperatures.
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Thermosensation and Pain

Makoto Tominaga,' Michael J. Caterina®

1 Section of Cell Signaling, Okazaki Institute for Integrative Bioscience, National
Sciences, Okazaki 444-8787, Japan
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Figure 2 (A) Temperature response profiles of heat- or cold-induced activation of TRPWV,
TRPV2, TRPV4, and TRPMSE at a holding potential of —60 mV in HEK293 cells expressing those
channels. Dotted lines indicate the threshold temperatures for activation. {B) Temperatures causing
pain and activating six TRP channels. Dotted lines indicate that threshold temperatures for activation

of TRPVI1 and TRPMSE are not fixed but changeable in the presence of other stimuli (see text).




H pevBoAn (CoH,p):

* PpiokeTal oTa aiBépia €Aaia TNC OIKOYEVEIAC TNC
HEVTAC.
¢ TRPMS (Hensel and Zotterman1951; Shafer et al., 1986)

 H epappoyn Tnc oto déppa eivail pia mTpwWTOTUTIN
Kdl amoTeAeoUdTIKA HEBOBOC TTOU €MITPETEI TN
HEAETN ThC aAAnAemtidpaong Twv @QUGOIOAOYIKWYV
TTapdpéTpwy Tou puBuiouv Th Beppokpaacia Tou
owparoc.
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H ewidpaon Tnc spappoync pevloAnc oto déppa oTn puBHIoN
TnG Oeppokpaoiac Tou cWHATOC KATA ThV aoknon
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H enidpaon Tnc spappoync HevloAnc oto déppa oTn puBuion Tng Oecppokpaciac Tou owHATOC
KATd Tnv doknon

Cold physiology

SKIN SURFACE MENTHOL APPLICATION ENHANCES EXERCISE-
INDUCED MILD HYPERTHERMIA

Boionis Petros, Kounalakis Stelios, Koskolou Maria, and Geladas Nickos
Department of Sports Medicine & Biology of Exercise, Faculty of Physical Education and
Sport Science, University of Athens, Greece
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Fig 1. Changes in forearm-fingertip difference (ATsk-diff), during 30 min of
cveling with (Menthol). or without (Control) menthel application. (§): Differences
between conditions p<0.05.

International Conference of Environmental Ergonomics, 2007
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Cold physiology

SKIN SURFACE MENTHOL APPLICATION ENHANCES EXERCISE-
INDUCED MILD HYPERTHERMIA
Botonis Petros, Kounalakis Sielios, Koskolow Maria, and Geladas Nickos
Department of Sports Medicine & Biology of Exercise. Faculty of Phyvsical Education and
Sport Science, University of Athens, Greece

Xopig

Me pevOoin nev0éin

Tre nmpepiog (mL-min') 37.3£0.3 37.1+£0.3

VO2 npepiog (ml'mint) RYNE=R] REYEXT

PvOpég avodov Tre (°C'min) 0.24+0.1 0.14+0.1

VO, 1-12 min (ml'min) 1890+352 1745+330

Xpovog acknorc (min) 19.0+2.0 29.1+1.0 0.00

International Conference of Environmental Ergonomics, 2007
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ORIGINAL ARTICLE

The effect of menthol application to the skin on sweating rate
response during exercise in swimmers and controls

Siyvliznos N, Kounalakis - Petros . Bolonis -

Maria . Koskolow - MNickos ID, Creladas
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Ear I Appl Phwsiol
[T D0, DO 7 AW 20 (W 1 3456

ORIGINAL ARTICLE

The effect of menthol application to the skin on sweating rate
response during exercise in swimmers and controls
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H enidpaon Tnc spappoync pevloAnc oto déppa otn puBuion Tng Oeppokpaoiac Tou
OWHATOC KATA Thv doknon

Eur J Appl Physiol (2010) 110:609-618
DOL 10.1007/s00421-010-15334

ORIGINAL ARTICLE

The influence of menthol on thermoregulation and perception
during exercise in warm, humid conditions

D. Jason Gillis + James R. House « Michael J. Tipton
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H enidpaon Tnc spappoync pevloAnc oto déppa otn puBuion Tng Oeppokpaoiac Tou
oWHATOC KATA TNV aoknon

Early change in thermal perception Is not a driver of
anticipatory exercise pacing in the heat

Martin James Barwood, Jo Corbett, Danny White, Jason James
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Relieving thermal discomfort: Effects of sprayed L.-menthol on
perception, performance, and time trial cycling in the heat

M. J. Barwood', J. Corbett’, K. Thomas', P. Twentyman'
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H enidpaon Tnc spappoync pevloAnc oto déppa otn puBuion Tng Oeppokpaoiac Tou
oWHATOC KATA TNV aoknon

Relieving thermal discomfort: Effects of sprayed L.-menthol on
perception, performance, and time trial cycling in the heat

M. J. Barwood', J. Corbett’, K. Thomas'. P. Twentyman'
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H enidpaon Tnc spappoync pevloAnc oto déppa otn puBuion Tng Oeppokpaoiac Tou
oWHATOC KATA TNV aoknon
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H ewidpaon Tnc epappoync HevloAnc oto déppa otn pUBuIon Tne OeppHokpaciac Tou
oWwHATOC KATA TNV doknon
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Aev TTapaTtnpidnkav dIaPopEC HETAEU TWV CUVONKWV.
** 2NUAvVTIKA dlapopd €vavTi TOU TTPWTOU XIAIOUETPOU

Barwood et al., 2014
J Sports med Phys. fitness




2 uuTtépaopda

H ecpappoyn pevOoAnc (emdAeiyn/yekaopocg) mpiv Thv
doknon TuUpodoTei Tou¢ aiocOnTnpe¢ Yuxouc TRPMS,
aufdvel Tnv Tapaywyn OeppodTNTAC KAl HEIWVEI T
OcpuIkA amwAsla.

O1 emdpdoceic TNG HeVOOANC cival docoeapTWHEVEC.

MeyaAUTepn ouykévTpwon HevloAng (4,6%) emigpépel o

vypAyopn dvodo TnC Oepuokpagiac TuphAva Adoyw
EVTOVOTEPNG aAYYEIOOUOTOARC Kai emiPppdduvong Tng
epidpwanc.

O yekaopoc Tnc emdeppidac pe  XAPNAOTEPEC
ouykevTpwoeic (0.05-0.2%) pevOoAnc mpiv A Katd Tn
OIdpKEId TTAPATETAUEVNC AOKNONC PeATIWVEI Th BepUIKA
aiobnon.

O yekaopoc tne emdeppidac pe pevloAn dev PeATiWvel
ThV amodoon o€ TTAPATETANEVEG TIPOOTIADEIEC.
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MevOoAn kai mapateTapévn euPpuBion oe dpooepd vepd 24°C
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MevOoAn kai mapateTapévn euPpuBion oe dpooepd vepd 24°C
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Time (min)

International Conference of Environmental Ergonomics, 2009
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MevOoAn kai mapateTapévn epPpuBion oe dpooepd vepd 24°C

VO, (mL.min-1)

Menthol Control Menthol Control

Ogppikn aiodnon (o.p)

Katw@Al évapéng Tpopoyevoug
0eppoyéveong (°C)

Menthol Control

International Conference of Environmental Ergonomics, 2009




MevOoAn kai mapateTapévn euPpuBion oe dpooepd vepd 24°C

KatweAl cuaTnpaTikng atnong Tou VO,

International Conference of Environmental Ergonomics, 2009




Effects of menthol application on the skin during prolonged
immersion in swimmers and controls

P. G. Botonis™, N. D. Geladas!, S. N. Kounalakis'. E. D, Cherouveim'. V. D. Koskolou!
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Eifects of menthol application on the skin during prolonged
immersion in swimmers and controls

P. G. Botonis'?, N. D. Geladas', S. N. Kounalakis', E. D. Cherouveim', M. D. Koskolou'
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Effects of menthol application on the skin during prolonged
immersion in swimmers and controls

P'. G. Botonis™, N. D. Geladas', S. N. Kounalakis', E. D. Cherouveim', M. D. Koskolou'
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*2ZnuavTikh diagopd petatu SW M kai SW NM, P<0.01

§2nuavTikA diagopd petagu SW M kai CON M, P<0.05

# ZnuavTikh diagopd petatu SW M kai CON NM, P<0.05

& ZnuavTikég dlagopég petatu SW NM kai CON NM, CON M, P<0.05




Effects of menthol application on the skin during prolonged
immersion in cool and cold water

. G otonis —~ 5. N, KounalaKkKis . ). Cherouveim M. . Koskoloun
P.G.B is!-2 | S.N. K lakis!® | E.D.Ch im! | M. D. Koskolou' |
N. D. Geladas'

H emidpaon tng pevboAng diatnpeital kal Kata Tnv EYPUBIoN o€ KpUo vePO;;;

TTeipapaTiko TPWTOKOAAD

60% KZ pey
38°C Tre
N=6 MeTpRoEIG:
T Re °C ATsk f-f, VO, Ogppiki aiobnon
KX
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MevOoAn kai mapateTapévn euPpuBion oe dpooepd (24°C) kar kpuo vepd 14°C

Effects of menthol application on the skin during prolonged
immersion in cool and cold water

P. G. Botonis!'? | S. M. Kounalakis!' | E.D. Cherouveim! | ML D. Koskolou' |
N. D. Geladas'
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MevOoAn kai mapateTapévn euPpuBion oe dpooepd (24°C) kar kpuo vepd 14°C
Effects of menthol application on the skin during prolonged
immersion in cool and cold water

P. G. Botonis!'? | S. M. Kounalakis!' | E.D. Cherouveim! | ML D. Koskolou' |
N. D. Geladas'

[ ol |
o,
o
—
L
i
o]

- -
0.4 0.8

AT, . decline (=C)

Scand J Med Sci Sports 2018



MevOoAn kai mapateTapévn euPpuBion oe dpooepd (24°C) kai kpUo vepd (14°C)
Effects of menthol application on the skin during prolonged
immersion in cool and cold water

P. G. Botonis!* | S. M. Kounalakis!~ | E.D. Cherouveim! | ML D. Koskolou! |
N. D. Geladas'
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Cutaneous afferent C-fibers regenerating along the distal nerve stump after
crush lesion show two types of cold sensitivity

Lydia Grossmann?, Natalia Gorodetskaya *®, Alina Teliban?, Ralf Baron€, Wilfrid Janig*
* Physiologisches Institue, Christion-Albrechts-Universitit zu Kiel ishousenstrase 40, 24008 Kiel Germany

® Boehringer Ingelheim Pharma CmbH & Co. KG, ONS Research, | 89-00-05, 88397 Biberach an der Riss, Cermany
* Division of Neurological Pain Research and Therapy, Department of Neurology, Christian-Albrechts- Universitdt zu Kiel Schittenhelmstr. 10, 24105 Kiel Germany

C FIBERS C FIBERS C FIBERS
With type 1 With type 2 cold = With mechano and/or
cold sensitivity heat sensitivity
sensitivity
ATtOkpion oto kpUo  Katwehl 17-  Katweh 3-21°C Kapia amokpion
22°C (81dpeoog 5°C)
(d1dpeaocg
19°C)

2 Tou¢ 24°C o1 veupikEC iveg He XapnAd katwehl digyeponc eppavifouv
upnAn di1€yepan. 2Tnv idia Beppokpaaia, n HevOOANn TIPoKAAEi TTepaITEPW
d1€yEpOn AUTWY TWV IVWV Kdl EVTEIVEI TIC OepHOpUBUIOTIKEC ATTOKPITEIC.

> Tou¢ 14°C, emioTpaTelovTdl o1 VEUPIKEC iVEC HE UYNAO KaTWeAl B1éyeponc
kal Ta TRPM8 epgavifouv uynAd kopeopd. YO auTéC TIC OUVOAKEC, h
HEVOOAN €xel HIKPOTEPN eTTidpaon.




2 UUTTEpaopuda

 TTpiv Tnv euPpuBion oe O0pooepd vepd, n emdAsiyn TNC
emdeppidac pe pevloAn peiwvel Tn OegpUikh amwAeid
(évTovn ayyeloouaToAn), EcmIpépeEl  ypnyopoTepn Kdai
evTovoTepn Oeppoyvévean Kkai diatnpei uynAoTepa Tn
OeppoKkpaacia TTupAva.

TTiBava o xpovio¢ eykKAIHATIONOC aATTeEVAIoONTOTIOIEI TOUC

TRPMS .

H emidpaon Tnc pevlOANnC eivar HIKPOTEPN TIPIV ThV
euPpuBIon oe KpUo vepd Kupiwe emeldf To KpUo vePOD
TtpokaAei kopeopd ota TRPM8 kai dev eivar duvarn
TTepaITEPw OlEyepon.




H Bcwpia Tn¢ apoipaiac avactoAng (cross-inhibition)

J Appl Phvsiol 100: 2065-2072, 2006:

doi: 10. 1152/ japplphysiol .01 1 18.2005. Invited Review

HIGHLIGHTED TOPIC | A Phvsiological Svstems Approach to Human and

Mammalian Thermoregulation

Contribution of thermal and nonthermal factors to the regulation of body

te mperature in humans

Igor B. Mekjavic' and Ola Eiken?
'Department of Automation, Biocybernetics and Robotics, Jozef Stefan Institute, Liubljana, Slovenia;
and *Swedish Defence Research Agency, Karolinska Institutet, Stockholm, Sweden
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