2

=h.

un

[}
ar =4

BATMTFNHIVEHINLIT9

Tumsinunfadl ganu1&dnvisaurmenmsuazanifeiiier feaminaue

)

eamsTingIta
1. #5n'lne
2. MIBUYUTIINY
3. madenweousindieny
4, nyeanmdsnislusineniu
5. Exercise in the Cold

%3y

i »

win'no Gomifun1y189nqut Black Pepper Win'Inailufivimanmudes i

=l A w oo

- ' P 4 1
INNAAAsI Piper nigrum 14298 Piperaceae Fefifteusananifisedecdiniud de wg
(Piper betel) N1FHuUfVHIIN
Tuaiisdosniing winmaiududdwiyszninsuRonazylsy fugaldifl
mnmﬂuamﬂaﬂuﬂuﬁ’mawﬁumﬂuﬂfnfqnu TuriienInnaz Tsdunsn'lnafunse
TLIIINNT Anudesnsu Tnania nanazinsesmadgesusedas Suanne s idumg
v - d
wmziueen unzdunuidumaduseluiiga
- o ) - T " ] (] as =% '
aufuiaveswinneguanretlanzazny Swegniany Suseniiedldueslszms
a et 3 ] t = s =4 ¥ o @ s oA Al
suiby inzdon IdumsnsznedioFonz ueonifoald su8un ne wuade Sulatise was
A ¥ t
Wil fedszunmananiundiuwds nazgnmaflufisiudesiinsegusmussugio
F
WA
i y J = ' ~
Uszindl w.a.1800 iflemsdmienzianiaiy sulaihdelddwmsnInouas
IATRUNADUY dudvdudmannfouduiunozgTsd msu3TnansnInoamsnszeiois
¥ . : - S \
Yudn findngmidmsdinlnevealszima Inodududolsssnuniimu et
Tﬂﬂ"lﬂﬂmmsﬁ'ﬁué’aﬂqy‘luﬁ’nymzsmﬂuJﬁﬂunﬂ?mmﬁﬁuﬁuﬁﬁmﬂuiaﬁ



Tugaell w.a.2400 sngedunaImwnin neflouganmlan dralfiiinsdgn
winlnouwinmelugfinied mmmmwmsm‘lmwmwﬁmmqnmmﬁﬂﬁ’wﬂmnu 1
vEnInelinansnigndromuiu Fefiganandaeenuunsuduaaia s 30 Insands

= =
MAININMIUAL 5-6 UM
= a [ =) ) w oo = ot & ]
vazReINUNTS T Y ssAnguiasing duffesass Idheewmsnnunadeun
mﬂuwsumﬂmmuwsn‘lm m“lﬁ'ﬂi.,*mwﬁumuwsn”]mmwu‘lﬂﬂgnmawwumu

4
Wi ﬂ‘]‘lﬂ Ell'ill‘ll1ﬂ¢lﬁ1ﬂllﬂ°’1li‘]ﬂ1q\1‘|.lu ﬂ\‘l‘lf’Nfl'\iﬂi'mTﬁﬂﬂﬂﬂ 2 wsn"lmﬂmmmuaz
'H'I‘W'H‘IJ'I‘VI

=

agtiu umn'aﬂqﬂw?n"lwﬂﬁmﬁ’ﬂﬁaﬂaﬂag'ﬁ sulafifs wuaido Suds wend-
ffam{ uaza3den TaefiuSunansniaa Tanwity 90,000 du Uaz 70% 1R neEeayiu
poniiaeld

win Inedhulinegtute 409 uarqelie 10 mas fsnemefarwrome sy
a lin3odu l¥ou ludnnefideadudhaiundelong  annsodwndiyifszsnds
#ifiey Wanfonaninnesoutrenan Seedadionfununinuusensn a1 sanuuLnlg
wieien ﬂawsﬂ"lwmsJ'auwﬂumﬁumaauuazwmm‘fumumﬂm etautufousitifiugia
ey nfoniud@olumdes uazunsludign waqnnwa‘lmﬂnaann"lﬁ
e 1’1’1«’1unaﬂamaqu maﬂwm‘lﬂmﬂvunﬂuauuaﬂmunaﬂwmmn Wugnsn Tnefia
Tdun wuﬁwumawmﬂuwus Fufsmisuioninads Wufiudoensed Wuiluem Wug
Nuaide Wz rin uasiufaiden win'meddsmfauasnounimsn nay

w50 megminnlduse Tenffelundemsuazn "lummswm‘]wﬂﬂﬂmnﬂ%'muﬁ
aﬂunaaauaumwaqn winTnogeuiisnlflyaludafaiesunaun1gveda auldzadia
winmedeuldlusmvuidu Sounsaengusdwenlas udmdensn nusouseudasen
mazfy T i auTunadiE9nsn nonasiumsauenemisuuiuuds

wsn‘hqﬂfnmmﬂmnummsmmﬂmmmaqnumﬂ auouams Lildniyald
wiuwends IuTssnugaamasrusinitoun flenldwinlnoie e misanmureudie
Juilna

Tumsen auTus1$wsnlng 15 WavenaumTssfudssmutuan win lnese

vTsmeInTueu lindy Fuiauns vew o ain Huenigesg giluudimeine wauly
g101gIRmu



s
Tumemsnvndunuilagiy s minnedienszdunis lnavenimenns

3

¥ [
idestisduanlunsumzems arzduldndundielunssmzunzdriindou naete

¥ ¥ = -~ ¥
z'mufmaﬁﬂﬁmmsgnaauawuanmﬂﬁwsn“lmé‘fammsaunmmmsrgmuimaen%‘a
pAunIduneriiald |
d -
Tumundynssy swmuiwSainedidunensemolssing 13% Tedlesdy
] L &
(Oleoresin) 12-14% Fulszneudrsmszddnivildisduguiazsadou de Tialodu
(Piperine)
o & e = o 4 S & a  a A
INEgLuLANGY  Untmeassnatsaiufiewignisudeinsniydunveude
= o o t ar o ol n’: L) -, df . N
nuahise ﬂmzfﬁ%ﬂﬂﬂﬂﬁﬁ’dﬂﬂﬂmﬂiﬂqﬂtl’d‘lll‘liﬂﬂﬂﬂ\‘lﬂ‘lilﬂitymuTm}Bﬂl‘]jﬂ Penicillin G
. . é 4 o 1 =y o n’/'
resistant strain of Staphylococcus aureus FuFoasnamwowy lduumuiumels aaiu
mwesnuTuradldnsn meduendle fueune Soiudinhauleibn

o
aql winlnegnldifuemsuaserudTusia win nedrfimsvlsnfunzgniuss

T v
[y

L -y L J o~ T - 1t L] -] J L] 2
s meym vt senglviun win Tneelfszuudese sy $usu

e

[ o ] L7 P - = = o
miﬂauzm‘lumw1suﬂz=mt|ﬂuﬂeﬂ'lmingmuimamauma

MIBUGUTINIE

pjannevesntseugusunuismIonsunelinieuiizeoniifene Suda
mswnieu'lnanng H’unnmﬂﬁ"au'lmmaﬂ?wie'ﬁmmnq dredamzmsiadou'lnadhy
Taeldngundniielngidundn iosanieldfuusnsefuazinis dndenuundy
Uhinanden InadeuWisndwiefiuee ndivunnsmserms lU@saimnndy nssumm
MIFIANIYIZHAANALU (Metabolism) Tursadifaiy inlgungindnideannsodane
a'lnnunz§aty mfi‘a!?mamﬁﬂqmﬁQﬁsﬁuﬂizmm 1-2 DR UBFHOT YUIUAIAINE T

[ . v 1 - o a v asly ]
fifln m'iﬂszﬁ"uinmﬂ"lﬁﬂsumw%nﬁﬂz‘nmﬂuﬁmazmnum_lﬂﬂmﬁmmﬂmﬂmﬂg

L.

uﬂumsm?ﬂnmmwi’auwwzumhaq melusnneltlfudrduaunfennunitai
TNMozdeteenusansyi 1dedeilse AnEnamn

HHBUBINI TOUYHI1IN Y
o A P o 1 - o 1 a Qs 4&’
nenssumisiadeu iafininadulnansem s umedesitamiiniy Tasmwnz
s a X ' a o & Ve w & w &
sNdanumNAvu latsdelfennFounrntumiiy Aaiusumedee 18U 1A IRy

o o o ﬂ' 4’ L4 -y 4 -
?Jﬂi']ﬂ'lilﬁ‘l—lﬂ.lEN‘H'Jﬂl%llﬁzﬂﬁli'lﬂ'liﬂ'lﬂi‘ﬂﬁﬁ!ﬂllN'Iﬂ"lluﬂ'mﬂ'l'mﬁ'uﬂ‘t!i]ﬂsﬂu'}‘l?ﬂﬂi]ﬂiill‘ﬁ‘ﬂ'l



ﬁnmﬁ‘ué’mnmsmaifmm:"lﬂﬁf’mulﬁaﬂﬂuﬁ"’qns:munﬁmmnaﬁ%u (Metabolism) 1
wdenfenuiiundile funeansodSud IWidduanumseifinBeundaeilIgude:
dossvaiilunag’lal uawimfi'mﬁ’muﬂsz‘ﬁ’ﬁ:uumi‘v‘imwaaai’mﬂus’wmammsnﬂ%’u
F 18 udiga
114msmﬁ"au‘]ms’wmﬂTﬂumwwﬁﬂnimﬁﬂmq wiedudeu wuasasumeld
UATNSnTulA (Conditioned reflex) Tnefiis1hiswa ViAsIsa a9 188
sumufiadessenddanieticumindufivule Tﬂﬂm"lﬁ’nmsmiﬂumﬁ’?ﬂmsauau
sunielinfeunay ﬁ’mmqumimﬂmwuumimﬂwmmmwmm Tusrenease
UfsRem Eadsiy iNmrﬂ'ummnmsanauﬂamunau‘v]nﬂﬂ duvzIltensImg Ina
mumaﬂun.,msmﬂ‘lmwui‘fu m'lmaaﬂ'lnanaau"lﬂqnﬁmmamni‘fu N3 RNYIAVBINAIY
nuﬂmawan=uﬂuwamummmmnmsmaﬂu‘114'J'n"luﬂ1ﬂﬂﬂMﬂmu‘lﬁmnmauiﬂmmnﬂ
Juttosann H'Iﬂ"lmﬁﬂiﬂﬂ1ﬂ’1ﬁi1~iﬂ1ﬂ"[ﬁ’1|i‘.IJWJﬂl!ﬁﬂTJuﬂ’ﬂillﬂiﬂﬂ‘lﬂlﬂﬂ%ﬁ b lvtnd
mamﬂmimﬂmn"lﬁ'ew fumeidnsoumionaunitoasuiiesnnden W @oindmie
Iud1eY mmswmﬂ'lnmmwamsﬁmqumﬂwamﬂ'amﬁ'mmuuazﬁni’lumiwﬁq
MuaITInm
- swdfugunglvesiene
- saanmmiiaveanduiie
- swlidedenasnszqndundandonfiszTunsindenlna
- ﬂ}’;ﬂﬂﬁwf’n’u"lﬁszwﬂszﬁmw%'auﬁnvﬂﬁﬁﬁnﬁ‘lﬁ
- saenszdulinduiieaunsavienifesildszamiam Feluaamnedd
nsndou ez uanngi hisnmmdenva
Mudninen
- gaenszduldiiensuazSaleegluantzfvendoniion1dod1e
Uszansnm
- swfiuaawiulelihindmn
- senszduldifen Tunmunz Suanmlunsadeonlug

- waonszduszunlszamnaln o luanizfimiensss



msEeanNFouaInieme |

mMuFenwdeuInT19nee1§si 0136199 Ae e (conduction) MT5H?
(convection)MTUNTAT (radiation) UALAITTEINY (evaporation) Meeidearmionlasiila
mmﬁ‘m‘i’aﬂﬁuq'fua;jﬁ’uﬁmwmmmmﬁmauﬂn ﬁﬁﬁmﬁaqmﬂgﬁﬂlmmmﬁmﬂuan

msthmnudeu

ms‘lﬂﬁﬁummm%’aumﬂi’wq*nﬁﬂﬂé’qﬁni'ﬁwﬁqﬁanﬁ A15U1 (conduction, D)
dasinudouds s anldnnaums

D

Il

K(T1-T2)

K = fmnmihnamidousunie (specific thermal conductivity)

T1-T2 = anuuanaeluguvgil
mafearudsueenainsenioTas3amidu 1y 18 es msiImiaaze i
dnhmmdeudiag uspnmTwesaus dufaiuTaveduiudnharndouda uda
ﬂﬂﬁmmz‘ﬁﬂuﬁ’q'ﬂ?auauﬁgﬂﬂmﬁ’ﬂﬂﬁmsmmé’aﬁﬁalﬂunu’mf‘fumm%’au azdn

]

ﬂixmsnﬁu%‘é‘yﬁmﬁmﬁﬁﬂﬁﬂmﬁuﬂ’ﬁnﬂunmu dafunts@enamdeudiedited
"Wouan

mImnnniou

drgungiifianiegeanigunginiaden anueussininienelgena
dfsornagavilieuszasogety omaduiee Tnauunuilmiguiideosl Seinld
mmdeudelldvnfame msiFensndouTasTiidend nism (convection) fauf 1
Banudedan teegluasiiommlifinmndoun fesudonmdonldszum 12%
Tasnmninsuneldgerniedieglassen udamfimniudesinadouduioznn
Fouldintouiihl finsiaden navesemwafufsudifarnaanteuvesinie Fona
MIWIAWETTUNA (natural convection) UAGUAAINENTHAMBUDR 19U AsZUARNYTBRAON
Fendimsmn Tasussnnnmgusn (Forced convection)
madennudeulandtiisuegiuiletedsel i de

L anuandnsznivgumgiifame fussmgiomeauaden

2. Lﬁaﬁﬁ?mﬂﬁsﬂﬂ (é«ﬁaﬂﬂdﬂifﬂﬁﬁ’mwﬁwm NTIZINMBUNTY (Fusnnd
tazduluvesduvili'légnerned inaidow)



10

a'"wrs1ﬁﬂssuﬁam]zmmmﬁﬁi"l"lﬂﬁ'uﬁ'ﬁﬁ'vﬁ'amﬂunmiwmmm%'ﬂu Bontlofedl
IdutlsgAndmm céﬁqﬁ’ﬁfuﬂtjﬁ’uﬂﬁwmuathqﬁ"mﬁ'u s lunsadon T
VBIBINA ANUHUMUY Arwmilanazsdiisuseianit
M3UATIT (radiation)
nstdeanudeuTagnsusisad mlwaemsnﬁamm%’auiugﬂmm infrared heat ray
Suundumimdnnthyiianits Sarmemnadu 520 Tumseu @nandaduues 10-30 o)
mamimnumn"lu'lﬁ'aﬂiu zero absolute temperature ZUATIARIWSBUBONIN Aud il
idefnilasunoias nazeglussiifqaumgisrsuazdonudon Tasmunsedse
fovaz 60 Hrgunglinadonginigunginie wenvinaamdoulusreniezsioan’ly
meven i 1duds Suneiigandeurth13snds
MIILINE (evaporation)
mau1sﬂnauamu.,mnmmmm"lﬂxflumwmhwmmu wisunnwdouSond
Aamdous (latent heat) Tuvreguingiififuus lawnmgmenising mm el
580 filaunnss/ans nmﬁamm%’auiﬂﬂaﬁuumi‘]unablﬂﬁmiu“lums;ﬁammsauﬁum
swnwﬂmﬁﬂu19ana1ns1<:mﬂTﬂumwumumnmuuuuaﬂmn flellifips 10 gnunad
iruRes g it (epidermis) 1dvegnn
e1nmnslevenil lerviudeusudanda nfudidefinisszuseniamalonn
ms.,ma“lﬁ'mnwﬂuuﬂn (epithelium) wvamuAuoImeniely i l¥iRonrwdoundsyl
szana 9 ATauaneldalne iomelolng fmssanemadiududeltinn i
1) Insensible perspiration
mazﬁﬂyﬁzmaaaﬂmﬂs'wmﬂmqﬁmﬁ'@uazmasswmﬂﬂ Taowes lfiftuung
Ta§dndaiFunduiiu insensible perspiration msszmeTasSifamnsailddssmennseme
I8szinaiiuag 600 ua. 11a~ﬁ1‘1ﬁqfunﬁ‘mﬂ'a1n%’aumns’nmﬂ"lﬂﬁmé’ﬁﬁ 12-16 Alaunaed/
#1Tue udmsse mﬂ@‘hU’mmﬂmﬁmNmaﬂ'mﬂu"lu'lﬁ my1zizdesgydonenlianeanm
Tow lifhilsfagungivessrens
1unnz=?igj“lummmrmﬁ’auéaﬁamﬂqﬁﬂnﬁ nadenwdeulagmsszimenig

F\I'J‘H1I<1!lﬂ..,‘HN‘J'u'lJlJ'YI'NIﬂ'L!El'lﬂ'lﬁ'l’l'lﬂclﬂ?J“lJTI'iJ'I‘I’IHfJU!WEI\‘Ig‘ElEIﬂ“‘ 15 "UﬁNﬂ'ﬁlﬁﬂﬂTﬁJ%’ﬂu
‘VN‘Hllﬂ



11

2) Sensible perspiration
k4 a ] S d !
maszmgvenindmi Taenisadadumie Fuludfiveaiuld udunds
- 1 o af Adc:‘! . « - s
teszmede ldn SeSen33iin sensible perspiration (sweating)
T = as - - o
Tumelinalafiddylunsi iWaswdowdeluanfianisTasms ssmaves
4 & o :’ - V] o gv
ledulunisduiteannieimisTagna tnusna Tasdgtis9ameezideanudonlalld
) :i = J ; = 1 _
mmmxxﬁuﬂa‘ln‘mmﬁﬂamnﬂwnﬁaqmwQuu'mﬁ’am,ﬁﬂ'nqmnguﬂm
n ¥ 2 .. L ¥ .
ﬂimmummtl"lﬂTﬂtJms'szmtmuﬂgﬂ‘uaﬂﬂmsﬂmmﬂaﬂmnﬂqmﬂ HazAw
§ a :‘ 4 o
munsavesnzadeniieshleteenld  Semmmadenutuasinaonnaldsinca

d é‘ 1 o/ ar ﬂ'l 4 T 1
aamfeuinde lluegiusanmenduniorfivsetu@ion ndnie

He = 580 (RH,0)
He = sanmadeanufeulaomsszme @Tananed/salug
) ¥ [
RH,0 = sasmisndaiwozeinh 580 fiTaunass Wudaiwdsunrduey

L'
myszmaiiulen

¥ )
uadenaduuag ludeunionlng nsdeanuieugnifalasanuaunsa

14 3

s mMIAIRdeneziinieenly duiues 1€aunis

He = KeAw (PsH20 - PaH20)

PH,0,Pah,0 = mmﬁ’u"lﬂﬁ1ﬁﬁanwsmzﬁmmﬁmﬂﬁa:J
Aw = f‘fuﬁmmﬁaﬂ1ﬂﬁ§mﬁﬂmﬁzmu

Ke = fudszAnsmsseme

3 miﬁﬁ.’qméa (sweat secretion)

nMIniunde dunalniid iy fisenelsiunndeusenainsreamelagnis
vmo SuniidenmInilszinm 2-5 dwdon deumtorlszneudan 2 dau Ao (1) daud
iludaden Sufluovaimihiindunde, uae @ dauiidusionse Fniuniesening
ZEYIN

misgnudsesnunindeniiiluvieva Fohmihindandeluszesduiidonh
primary secretion %39 precursor secretion 14?'111mmfummm’u’wmmwhaq gmﬂ?iﬂuuﬂm
Tifemieruvianss aﬁﬂﬁm‘é‘%anmtjmﬂuan

precursor secretion ﬁ"’mi‘.lumim‘i"waasé‘auﬁanﬁﬁﬂﬁm?wé’waﬂ Tagna'ln
uaﬂﬁﬂﬁmﬁ'amiﬂs:ﬁ’mm Cholinergic sympathetic nerve fibers @2u1lsznBuveq

¥ .
precursor secretion  Hadwiuwatm onfui Tuilnmain sty Tasiinauduves Na*



12

142 mEq/ins Az CI' 104 mEqas  Wemiemarmuviefiiisnynssasssdoy
daudszneude Aezgnifinlyell fle finsga Na* war of  nduTdudauing
mmmﬂﬁ’awmfnsg]ﬂﬂﬁ’m'?ui‘fuagiﬁ'ué’m1n1mﬁ'mfi‘a

iedeumiagnnsydu Tavdssrmifisadniloniliinie narusieediedh 3
W Na" uar of gagenduliifeumua Shumalanuduanaaniedios s mEq/Aas
witrudusen Iufnandinedas ﬁ’vﬁ'qgnﬂﬂmu"lﬂﬁqﬁflﬁnﬁi'm%’uﬂumju donfumssude
farmduidy 3%8ud gi3e, nsauaadn, Az K

iederniegnnszquosruss Tnoilszamadunusan vnlimdennsationn
unzfisnsimsInaedwdiluannie msgady Na* uaz of Suldtes vty Ne
uaz ' defimaunduinn eromfenimidudls 60 mEgAns Seeoniilunaasiuiiems
wﬁquazﬁﬁgﬂ@ﬂﬂﬁ’uﬁaﬂﬁaﬂ Soih s Sudinomduliunn giFelinndindios

2 vedlu waneh, nsauaadafinaw duduilssng 450 du ks Ussuim 1.2 W

nsvenfiasmelueinmiendy

nsgenmameluemeiu  seiilffins@eaimfouniniunmelduniy uazi
maaanmmmu“lummwwﬁﬂmwn%’aumnmu"lﬂan taztumeassfudimdresneez 18y
armBueiningh msummmm%’auwsammwu"lﬁ’ﬂn'nmmﬁ 3-4 wh ufiiloven
fameminthunmsluenmiufion lidsmefadedwnis g5 uauiunntudaly

msendidameedraumiemintunatelnhdutumuims 14 0, VBHINAI
ndu aMuQiMmoanng sﬁ"mtim‘ﬁu m‘s’iwﬁﬁﬁamnnﬁ 18° . doald 0, nndmsiei
Tlgungil 26" . 500 wa Tl ez zde i 0, "lﬂ“lmwwﬂwsnmﬂﬁummﬂﬁ'ﬂumi
queivanudeussusamda gy

Nusiuvsatiamy

1J‘§"miullmﬁ'uﬁﬁarﬁus'wmunzﬁwmiﬂmsaanﬁﬁamﬂ‘lummmﬁu ndetiszey
Tnasind T ldfamtann sidifeldifunurudessunimitusint Saamnsadaihly
szez Ina’ldlue ey aEm‘hﬂﬂmmm5ﬂﬂmnmmwuw'lﬁ'wuu‘ln‘lﬁwnuamﬁqu
windouudifasedwideariniy ﬂqf-ﬁ‘uaﬂnm.,ﬂnﬁummmuaaﬂmnmmmmumumams
temanufouninluiuBodas Taomwiluhfigund 25% ﬂuﬁ’mmmsmmaiuum

5’“‘@]‘]JFIE]EIEJ'N?T1J'IEWI 26° @, un'"mmaﬂanmwmmnh&um“aﬂﬂmaamﬂamqmm ﬂQ‘LI'LI



13

9
°

yanadend nenesndidimeetionin Idluififeungd 18%. uddmiuaunentiuesl]
b4 [
ﬂmﬂﬁﬂumm"ﬁ‘nua"‘Iwmvﬂﬂﬂf‘hﬁ’qmﬂﬁqqun 18°5. o610l5ia  aungdfimunzay

Tﬂﬂﬂ?llﬂﬂﬂ‘i”'ﬂ?'lﬂ 26-30° . mmﬂwumwumm%’ﬂuaﬂn"lﬁ’ﬂ”lwmuaaﬂmmmﬂ uaz

[ ¥ =) ° < kd
Sufluaudrudseendrfanietraminluszyzdu ﬂﬂummmsqmwgwﬂamwwuﬂ'ﬂﬁ

ANUKUTIAY

asdilszaunsaiudifeguugiuaadeuss hiduun uriileilanstanssozi iin

=y

nununlq munimmnmmﬁawagﬁ’amamwm&gﬂauwwmﬂn"lﬂ wazgnunuiilag
eimmBueganeanm duiuSahliiunedesdenanden i
ﬁ’wmqmnanuN"[ﬁ'u@wﬁﬂﬁ'ﬂmsﬁmﬁummﬂunmnmsﬁmmu 56N Wind
Chill Index ToausasnavesaImGauden U uIigungiaug fu edmy figungd
winden 30°W. udiiauianss 25 Tudwu. szvunavhfuenirinaden o, wiaiioanmnyil
Wandew 10°. udfianuss 25 ludsens, st ¥ T nmunaniiy 20,
Tumssendidimelusimaduide snisiimsndenlna ﬂmﬂﬂ;ﬁﬂnumwuﬁu

HumMyiedaon g Tudmy. duanuitilnimds 12 Wde, szfion ldfuaniiaug)
20 Tudm.

9 ]
1w Wind Chill Index flftissonifiu 3 wadaefu wadlegmedhefodumaiis
Sunsioes waniegnaufhuveiifdunsie  Tasszduiieamgil 23, suaswezfind
= & ' o & et o
uinaluy, syn, uaziale dalumediegyevngaiuthiveiiisuassnniasausa
o o ar 1ed
WliiAaduaselduna hidudi

maEue A ladionin ey

d r ar 1 ] Y " H a
amsadeniiiu liilsussedsniadunisls ndfudlueimaibuinn Aozl

¥ . - 2 < . .
omefimeludh dedhliGonenon exfgamgiqedudy 265 - 32.2° 9. egrelsiaide
¥
senidamelueimady e bigudeiwnzaimfeusenlisinmeduemaniale
L 1
TnnSailhamts, uaune unzdanigs oo sdlss amsond 14 Tagiiy

H ] ¥ »
mwevguiininuneniemumhnnaguoyniazthn IeiuABURULAZAY I UYRY
oMty



14

Exercise in the Cold

It is rare, except when survival is at stake, for people to exercise with low body
temperatures. The combination of the increased metabolism of exercise and extra clothing
minimize the chances of hypothermia during exercise or sports performance. However, cold

exposure can be a factor in physical performance when environmental conditions pre sent the

potential for heat loss.

Movement in the Cold

The two biggest handicaps of exercising in the cold are the numbing of exposed flesh and
the awkwardness and extra weight of protective clothing. Manipulative motor skills requiring
finger dexterity, such as catching and throwing, are tremendously impaired in the cold because
the cold effectively anesthetizes sensory receptors in the hands. Also, exposed flesh, particularly
on the face, is susceptible to frostbite, which can become a serious medical problem.

Shivering or an increase in preshivering muscle tone may also decrease muscle
efficiency. Both conditions increase the metabolic cost of exercise, which increases the
perception of effort. Also, because shivering occurs in agonists and antagonists, normal
movement patterns can be impaired. To compensate, more motor units may be recruited, which
would also increase the difficulty of performing precise movements.

Clothing Clothing is an important consideration during physical activity in the cold.
The insulation value of the clothing must be balanced with the increased metabolic heat
production of exercise. If too much clothing is worn, the individual risks becoming a “tropical
person” in a cold environment (i.e., even though it is cold, the person gets overheated from
wearing to many clothes). Heat illnesses have occurred in overclothed persons exercising in
extremely cold climates.

Clothes protect against the cold because they increase the body’s insulation. Clothing
traps warm air next to the skin and decreases heat loss by conduction and convection. The clo
unit is a measure of the thermal insulation provided by clothing. One clo provides enough

insulation to keep a resting person comfortable at 20° C, <50% relative humidity, and wind

velocity of 6 m min .
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The best clothing for exercise in the cold allows for the evaporation of sweat while
providing added protection from the cold. Clothing should be worn in layers so that it may be
removed as the metabolic heat production increases during exercise. Select clothing that provides
protection from the cold during rather than before exercise. Additional clothing should be
available after exercise to prevent hypothermia. After exercise, metabolic rate decreases but the
rate of heat loss remains high. Clothing manufacturers have made tremendous progress in recent
years in developing lightweight clothing that provides sufficient insulation and freedom of
movement during exercise,

Cardiopulmonary Responses to the Cold

Oxygen Consumption Maximal oxygen uptake is unaffected in the cold. However,
submaximal Vo, increases in the cold, particularly at lower intensities of exercise (Table 22-1).
Differences between submaximal exercise Vo, in cold and neutral thermal environments
disappear as exercise approaches maximal intensity. Submaximal exercise Vo, is higher in the
cold because heat loss is greater than it is in a comfortable environment, Increases in skin and
muscle blood flow, whichk occur during exercise in any environment, increase the thermal
gradient between the surface of the body and the cold environment. Consequently, more heat is
lost through convection and conduction. For the same reason, exercising with wet clothing,

particularly in the wind, increases Vo, 15 to 20% more than the same exercise practiced in a

comfortable environment.

Physiological Response to Exercise in the Cold

Physiological Response Physiological Effect or Mechanism
Increased submaximal exercise Vo, Greater heat loss
Decreased exercise capacity in water Greater heat loss

Increased ventilation during submaximal exercise | Increased sympathetic stimulation

Reduced skin blood flow Peripheral vasoconstriction

Lower lipid mobilization Reduced blood flow to adipocytes
Increased glycogen use Increased carbohydrate metabolism
Increased lactate concentration Increased CHO metabolism and decreased

lactate clearance

Increased central blood volume Peripheral vasoconstriction
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Decreased heart rate during submaximal exercise | Increased central blood volume

Decreased muscle strength* Decreased muscle enzyme activity

Release of leptin from adipose tissue Increased sympathetic stimulation

* Some studies have found increased muscle strength,

Shivering can persist during exercise, which can increase Vo,. Some researchers have
hypothesized that the higher Vo, during submaximal exercise in the cold may also be due to
increased nonshivering thermogenesis. This could be caused, in turn, by in creased secretion of
catecholamines or leptin.

Swimming in cold water can cause marked deterioration in exercise capacity and Vo,
peak (in this case, Vo, peak is the maximal oxygen consumption measured during
swimming;Figure 22-7). Heat conductance is about 25 times greater in water than in aif. Body fat
is an important factor in determining heat loss in cold water. Greater amounts of body fat increase
insulation and the transfer of heat to the water, Long-distance channel swimmers typically have
high fat percentages; this slows the rate of heat loss during their prolonged swims. It is unclear if
this characteristic represents an adaptation to the cold or is simply a conscious effort on the part
of the swimmer to increase insulation by increasing body fat.

Exercise can partially or totally replace the heat production of shivering during exposure
to a cold environment. The peripheral blood vessels vasodilate during physical activity, which
effectively decreases the body’s insulation to the cold. Heat production from exercise and
shivering must be adequate to maintain heat balance, or hypothermia will result,

Exercise followed by cold exposure raises postexercise thresholds for vasoconstriction
and shivering. In other words, people who exercise and then are exposed to the cold shiver and
vasoconstrict at a higher core temperature than if they had not exercised.

Ventilation Ventilation increases in the cold. Particularly when cold exposure is sudden
(e.g., falling from a boat into cold water). Abrupt exposure causes a gasping reflex. In the water,
this may be responsible for the sudden disappearance syndrome-drowning caused by taking a
gasping breath in cold water during sudden exposure. This “inspiratory gasp” during exposure to
cold water is accompanied by hyperventilation, tachycardia, peripheral vasoconstriction, and

hypertension. Increased ventilation also decreases CO, in the blood vessels and can cause
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confusion and unconsciousness. Taken together, these physiological responses are very dangerous
and account for many cases of drowning each year.

The difference between ventilatory response to cold and to normal temperature
progressively narrows with increased exercise intensity. Also, elevated ventilatory response, at
rest and during exercise, decreases with repeated exposure to cold. This may represent an
habituation or acclimatization (cause unknown) to cold exposure.

Heart Cold exposure causes peripheral vasoconstriction, which increases central blood
volume. Consequently, blood pressure increases due to an increased afterload of the heart and,
sometimes, an increased preload. Some, but not all, studies have found decreased heart rate and
increased stroke volume. Stroke volume changes may be accompanied by increased ventricular
end-diastolic and systolic volumes, Changes in cardiac performance with cold exposure are more
common in males than females, This is probably because of higher subcutaneous fat in women,
which provides better peripheral insulation against the cold.

The incidence of arrhythmias increases in the cold. Cold increases afferent impulses to
the hypothalamus and cardiovascular control center, and increases adrenal secretion of
epinephrine, all of which can increase the incidence of cardiac arthythmias. Scuba diving in cold
water may increase the incidence of fatal arthythmias, Ventricular fibrillation is a leading cause

of death in people with hypothermia.

Muscle Strength

Muscle strength and peak power output decrease as muscle temperature decreases. The
enzyme activity necessary for energy transformations and muscle conftractions are most efficient
at temperatures tures slightly above those seen in normal resting muscle. Muscle strength and
power decrease with the decreased muscle enzyme that occurs with cdoling. However, some
researchers have found the cooling the muscles actually increases strength.

Increased motor unit recruitment may be necessary to compensate for lower capacity.
Muscle blood flow is less at rest and during submaximal exercise in cooled muscle, Increased
motor unit recruitment and decreased blood flow may increase lactate production and decrease

lactate clearance, which could speed the rate of fatigue. Other factors impairing muscle
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performance in cold include increased muscle viscosity and decreased ATP metabolism and

muscle contractile velocity,

Metabolic Changes

Cold exposure increases the use of carbohydrates as substrate. During light exercise,
muscle glycogen decreases faster in the cold than if does in warmer air. During masimal exercise,
glycogen deplation is independent of air temperature, Prolonged exposure to cold (e.g., being lost
in the wilderness) often leads to hypoglycemia, which suppresses shivering and causes core
temperature to drop.

Increased carbohydrate metabolism augments the rate of lactate formation, At a given
exercise intensity, venous lactate is higher in the cold. A possible explanation for this is that cold
causes decreased muscle blood flow during submaximal exercise, which decrcases the rate of
lactate clearance. Also. Cold exposure increases catecholamine secretion, which stimulates lactate
production,

Fat metabolism is depressed in the cold even though catecholamine concentrations
increase (these hormones stimulate lipolysis in adipose tissue and speed intravascular breakdown
of triglycerides). The probable reason for depressed fat metablism in the cold is that blood flow to
subcateneous fat cells decreases. Some researchers have also found a decrease in the respiratory
exchange ration (Vco2/Vo2,an indirect measure of the predominance of the or carbohydrate
metabolism), which would suggest an increase in fat metabolism. However, most evidence points
to decreased fat metabolism during cold exposure,

Cold exposure also increases protein degradation, as measured by increased urea nitrogen
excretion. Urea nitrogen, excreated principally in the urine, is a good measure of protein
breakdown.

Problems with cold exposure may be compounded with fatigue, sleep loss, and
underfeeding-conditions common in wartime or cold weather survival (e.g., poor elderly people
living in marginal conditions). These conditions impair the body’s ability to regulate its
temperature in the cold and increase the risk of hypothermia. Likewise, repeated cold exposures
decrease the doby’s ability to maintain its normal temperature because fatigue blunts the

metabolic heat production capacity. It may be that the shivering response decreases with repeated

cold exposure,
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Acclimatization and Habituation to Cold
People exposed to environmental stresses such as heat, cold, and altitude usually make
physiological and psychological adjustments (i.e., acclimatization and habituation) to improve
their comfort Acclimatization is physiological compensation t0 environmental stress occurring
over a period of time. Aeclimation is a related term meaning the adaptive changes occurring
within the organism in response to experimentally induced changes in the environment (i.e.,
laboratory-induced changes). Habituation is the lessening of the sensation associated with a
particular environmental stress or. Simply stated, in acclimatization and acclimation, definite
physical alterations improve physiological function. In habituation, the person learns to live with
the stress or.

It is difficult to demonstrate acclimatization in people who are not chronically exposed to
cold. Although scientists have studied people in primitive societies who were chronically
exposed to cold, studying cold exposure in more “civilized” societies is more difficult and
provides less useful information about cold acclimatization, People who live in very cold areas,
such as northern Canada, northern Scandinavia, or Siberia, protect themselves from low
temperatures with winter clothing and shelter. Physiologically, they do not get the same chance

for cold acclimatization as they would if they were less protected.

There are three basic tests of acclimatization to cold in humans: shivering threshold, hand
and feet temperature, and the capacity to sleep. The first test is the threshold skin temperature
that results in shivering. Cold-acclimatized people maintain heat production with less shivering.
Shivering occurs later in subjects exposed to several weeks of cold temperatures, These subjects
increase the secretion of thyroid hormones and their tissues become more sensitive to
norepinephrine. This results in uncoupled oxidative phosphorylation-beat is released without the
production of ATP. Lepton release from adipose tissue may also increase, which stimulates the
sympathetic nervous system. Another mechanism affecting shivering threshold may be thickness
of subcutaneous fat. Chronic exposure to cold may increase skinfold thickness. The mechanism
for this change is not known.

The second test of acclimatization is the capacity to prevent large decreases in
temperature in the hands and feet. In unacclimatized people, hand and foot temperatures drop

progressively during cold exposure. Acclimatized people, however, are able to maintain almost
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normal hand and foot temperatures. Acclimatization results in improved intermittent peripheral
vasodilatation to make the hands and feet more comfortable. Habituation also seems to play a
part. Some individuals seem to lose or learn to tolerate the pain sensations associated with cold
feet and hands, even when there is little improvement in circulation or temperature.

The third test is the ability to sleep in the cold. Unacclimatized humans will shiver so
much that it is impossible to sleep. Some studies show that it is possible to acclimatize enough to
sleep, but these findings have not been consistently replicated. The ability to sleep in the cold
seems to depend on the extent of nonshivering thermogenesis induced by increased secretion of
norepinephrine. Some peoples, such as the Aborigines of Australia, are exceptions to this. They
are capable of sleeping in the cold with little or no clothing without an increase in metabolism,

They have a superior capacity to vasoconstrictor peripheral blood vessels, which allows skin

temperature to decrease without shivering.

Physical conditioning seems to be beneficial in acclimatization to the cold, just as it is in
the heat and at altitude. Physical conditioning results in a higher body temperaiure in sleep tests
in the cold. Consequently, the individual can sleep better and is more comfortable. The role of

training in cold tolerance is not completely understood and remains controversial,

Cold Injury

Hypothermia As noted in Figure 22-1, the hypothalamus ceases to control body
temperature at extremely low core temperatures. Hypothermia depresses the central nervous
system, which results in an inability to shiver, sleepiness, and eventually, coma. The lower
temperature also results in a lower cellular metabolic rate, which further decreases temperature.

Hypothermia has profound effects on the cardiovascular system: Central blood volume
decreases, while peripheral resistance and blood viscosity in crease. Central blood volume
decreases due to plasma sequestration, inadequate fluid intake, and cold diuresis. The heart rate
decreases, and the hear is much more susceptible to life-threatening arrhythmias, such as
ventricular fibrillation. Hypothermia can result from exposure to cold water, lack of protective

clothing in the cold, leanness, high wind chill, use of alcohol or drugs in the cold and the use of

snow to relieve thirst.
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Hypothermia is also possible during endurance exercise competitions (i.e., marathons)
conducted in the cold. A person can become hypothermic if the rate of heat production during
exercise is exceeded by the rate of heat loss. Glycogen depletion increases the risk of hypothermia
because it leads to hypoglycemia and reduced central nervous system function.

Frostbite Frostbite is caused by ice crystal formation within tissues and typically occurs
to exposed body parts such as the earlobes, fingers, and toes. The risk of frostbite increases when

the temperature drops below-60C. It can cause permanent circulatory damage, and sometimes the

frostbitten part is lost due to gangrene.
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Convective heat loss at wind speeds above 40 mph has little additional effect on body cooling
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