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Abstract The aim  of  the prcsent study  was  to evaluate  the

sweat  loss response  during short-terrn  heat acclimation  in

tropical natives.  Sjx healthy young male  subjects,  inhabitants

of  a tropical region,  were  heat acclimated  by rneans  of  nine

days of  one-hour  heat-exercise treatments  (40± OeC and

32± 1%  relative  humidity; 50%  V02p,,k on  a  cycle  ergometer).

On  days 1 to 9 ofheat  acclimation  whole-body  sweat  loss was
calculated  by body  weight  variatjon  corrected  for body  surface

area.  On  days 1 and  9 rectal  tempcrature  (T,,) and  heart rate

(HR) were  mcasured  continuouslM  and  rating  of  perceived
excrtion  (RPE) every  4 minutes.  Heat acclimation  was

confirmed  by reduced  HR  (day 1 rest:  77± 5b･min  
'i;

 day 9
rest: 68± 3b･min  

i;
 day 1 final exercise: 161± 15b･min-[;

day 9 final exercise:  145± 11b･min-i, p<O.05),  RPE  (13 vs,

11, p<O.05)  and  T,, (day 1 rest:  37.2± O.2"C; day 9 rest:

37,O±O.20C; day 1 final exercise: 38,2± O,20C; day 9 final
exercise:  37,9± O.10C, p<O.05).  The main  finding was  that

whole-body  sweat  loss increaged in days 5 and  7 (9,49± 1.84

and  9.56± i.86g･rn 2･min-i,
 respectively) compared  to day 1

(8.31± 1.31g･m-2･min-', p<O.05)  and  was  not  different in

day 9 (8.48± 1.02g･m'2･min  
i)
 cornpared  to day 1 (p>O.05)

of  the protocol. These findings are. consistcnt  with  the heat
acclimation  induced adaptations  and  suggest  a  biphasic

sweat  response  (an increase in the sweat  rate  in the middle  of

the protocol fbllowed by return to initial values  by the

end  of  it) during short-term  heat acclimation  in tropical

natives.  .l Ph.vsiol Anth,r4)ot  25(3): 215-219, 2006  http:11
www.jstage.jst.go.jp/browseljpa2
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Introduction

Sweating is the main  via  for heat dissipation during exercise

performed in hot environments  and  is elicited  by both local
factors and  stimuli  frorn the  pre-optic area  of  the
hypothalamus, which  reccives  and  integrates afferent

information from central  and  peripheral thermal  receptors.  The

present study  focused on  tropical natjve's  whole-body  sweat

loss response  during short-tcrm  heat acclirnation.

  Hcat acclimation  is known to reduce  resting  and  exercise

heart rate  <HR>, internal temperature and  the threshold for the
onset  of  sweating  (Buono et al., 1998; Patterson et al., 2004;

Machado-Moreira et  al., 2e05). These eentrally  mediated

physiological adaptations  reduce  heat strain  and  increase

exercise tolcrance in hot environments.  Armstrong and

Stoppani (2002) proposed that the  brain's homcostatic control

regions  are  modified  during successive  days of  heat

acclimation,  resulting  in an  improved ability  to exercise  in a

hot environment.

  Recent  investigations have described heat acclirnation  as  a

biphasic process, in which  an  initial transient phase is

characterized  by accelerated  autonomic  activity  to rapid

control  heat dissipation, fo11owed by a  reduction  ofthis  activity

due to irnproved effector  organs  eenciency  (Horowitz et al.,

1996; Horowitz, l998). Somc  studies  have shown  possible
evidence  for the  biphasic process during heat acclimation  that

can  be found in changes  in plasma volume  (Wyndham et  al.,

1968; Shapiro et al., 1981), cxtracellular  volume  (Wyndham et
al., 1968), plasma aldosterone  concentration  (Arrnstrong et  al.,

1989) and  in cardjac  output  and  stroke  volume  responses

(Wyndharn et al,, 1976), Nevcrthelcss, the possible biphasic

sweat  rate  behayior during short-term  heat acclirnation  has not

been measured.

  Many  authors  have described sweating  differences between

tropical natives  and  non-tropical  natives  (Thomson, 1954;

Kuno, 1956; Fox et al., 1974; Hori et al,, 1976; Nguyen  and

Tokura, 2003), These studies  have described how  tropical

natives  sweat  less for a given stimulus  in comparison  to

non-tropical  natives;  however, no  differences in internal

temperature  were  noticed.  It has been suggested  that tropica]
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natives  havc, thcrefore, a more  eMcient  therTnoregulatory

systern  (Hori, 1995). Furthermore, tropical natives might

respond  in a  different manner  to heat acclirnation  CHellon et

al., 1956; Wyndham  et al., 1952) in comparison  to those  who

are  not  heat acclimatized.

  Thus, the aim  ofthe  present study  was  to evaluate  the sweat

loss response  during short-terrn  heat acclimation  in tropical
natives.

Methods

Subfects

  Six healthy and  physjcally active  young rna!es  (21± 3 years;
72.56± 7,82kg; 175±5cm;  1.9±O.1m2 ofbody  surface  area

(Dubois and  Dubois, 1916); Z,k,.fbid, 65 ± 16mm),  inhabitants
of  a  tropical rcgion  (latitudc 19,50S and  longitude 430W),

underwent  a  heat acclimation  protocoL during October and

November  of20e3  (Oct: 22.6±2.40C; Nov: 22,6± 2.iOC). All

the procedurcs wcrc  approved  by the  Human  Ethics Researeh

Committee of  the Federal University of  Minas Gerais, and

sub.iects  provided written  informed consent.

Procedures

  Heat acclimation  was  induced using  nine  treatment

exposures  (exercise +  heat stress). The  subjects  cxercised  for

onc  hour on  a  cycle  ergometer  (Monark, 824E, Varberg,

Sweden) at 50%  V02p,,k in a  hot and  dry envirenrnenL

(40± OaC, 32± 1% relatiye  humjdity and  O.Omfs of  air

velocity).  Thc work  ratc  during exereise  was  calculated  fi'orn a

V02p,,k test (ACSM, 2000) conducted  in the same  hot and  dry

environmcnt  4 days prior to thc eommencement  of the

ac ¢ limation protocol. Thc  tcst consisted  of  a  graded exercise

(cycling), starting with  50W  of  work  rate  fo11owed by 25W

increases each  2 minutcs  until  the onset  of  volitional  fatigue.
All procedures took  place in a elimatic chamber  (Russels
Technical Products, WMD  1 150-5, Hollanct  MI,  USA).

  IWo  days before and  2 days after  thc heat acclimation

protocol a V02p,.k test <ACSM, 2000) was  conducted  in a

ternperate environmcnt  (21± OOC; 64 ± 1%  relatjve humidity:

and  O,Omts ofair  velocity)  to access  training status,

  Tb calcuLute  sweat  loss, the subjects voided  and  wcrc

weighed  (FilizolaG/ MF-100  scale,  prccision  of O,e2 kg, S5o

Paulo, SR  Brazil) befbre and  after  exercise  in days 1 to 9 of

heat acclimation.  Body  weight  variation,  uncorrected  fbr

rcspiratory  and  rnetabolic  losses, was  divided by thc timc

betwccn mcasurements  and  corrected  for body surface  area.  In

addition,  HR  (PoLar V2intage NM  Kempele, Finland) was

measured  continuously  and  Borg's rating  ofperceived  exertion

(RPE) was  measured  every  4 minutes.  On  the  lst and  9th days
of  heat acclimation  rectal  ternperature (T,.) was  mcasured

using  a disposable probe (YSI, serjes  4400-4491-E, 'rellow

Springs, OH,  USA)  inserted 10-12cm  bcyond the anal

sphinctet  Besides, the ratio  whole  body  sweat  rate/rectal

temperature  variation  was  calculated.

Ilydiution status

  The voLunteers  wcre  asked  to drink 500ml  of  water  2 hours

before the experirnent  (ASCM, 1996). During the first heat

acclimation  exposure  water  ingestion was  provjded ad  libitum

and  equal  volumcs  werc  givcn during the subsequent  exposures

(Houmard et al., 1990; Machado-Moreira et  aL., 2005). Thc

subjects  were  considcrcd  cu-hydrated  (urine specific  gravity

(G,)<1030; ArTnstrong,  2000) befbre and  after  all trials. G.

was  measured  by means  ef  a portable refractometer  (modeL
JSCP-Uridens, Sio Paulo, SR  Brazil) prcviously calibrated

with  distil]ed water.  The  volunteers  always  wore  shorts,  socks

and  tennis shoes.

Statistieatanatvsis

  A one-way  ANOV6L with  repeated  mcasurcs  fo11owed by the

post-hoc Bonferroni t-test was  performed to compare  the sweat

loss among  hcat-excrcisc cxposurcs.  A  two-way  ANOVA  with

repeated  rneasures  fbllowed by the post-hoc Studcnt Newman
Keuls test was  performed to cempare  HR  and  T,. between days
1 and  9. A  paired student  t-test was  performed to compare  the

ratio  sweat  losslAT,. between days 1 and  9. RPE  medians  were

compared  using  the Wilcoxon test. ALpha was  sct  at  5%  for all
analyses.  Data are  present as  rnean ± SD.

Resu)ts

  Heat acclimation  was  confirrned  by rcduccd  HR  (day 1 rest:
77±5b･min'i; day 9 rest:  68±3b･min-i; day l final exercise:

161± 15b'min-i; day 9 final cxercisc:  145± 11b'min-i,

p<O,05), reduced  RPE  (13 vs.  1 1, p<O.e5)  and  lower T,. (day
1 rest: 37,2±O,20C; day 9 rcst: 37,O± O,20C; day 1 final

exercise:  38,2± 020C; day 9 final exercise/  37.9±O,leC,

p<O.05)  (1lable l),

  Table 1 also  shows  that there were  no  differcnces in rectal

temperature  variation  nor  in sweat  lossi'AT,. between days 1

and  9,

  As shown  in Fig. 1, sweat  loss was  higher in days 5 and

7 (9.49± ].S4 and  9.56± 1.86g･m-2･min-i, respectively)

coinpared  to day 1 (8,31± 1,31g･m-!･min'[; p<O.05),
however, it was  not  difTbrent jn day 9 (8.48± 1.02

g-m'2･mjn-i) compared  to day 1 (p>O.05) ef  the protocol.
These  results  can  be interpreted as  a  biphasic swcating

rcsponse.

  TabLe 2 prcscnts the results  of  the V02p,,k tests conductcd

before and  after the heat acclimation  protoco] in a tetnperate

Table 1 Resting and  final exercisc  rcctal  tcmpcraturcs  {T,.), recta]

   temperature  variation  (AT,,..) and  thc  ratio  whole-bedy  sweat

   tossirectat temperature  variation  (Sweat ]osslAT,,) on  days 1 and  9 of

   heat acclimation.  (") SmalTer than day l,p<O.05.

T,,rcst T,. finalexercise AT,.

 (uc) <cc) ("C)
  Sweatless,'AT           /'t

(g'm 2･min
 

t･oc'
 
L)

Day1Day

 9372
± O,2 3g,2±O.2 O.94±e.l6

37.0± 02* 37,9±O.1* O.88±O.27

O,9± 02O,9
± O.3
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Fig.1 S-,cat loss in days 1,3, S,7and9ofthe  heat acelimatien  protocoT.

   (')p<O.05: di fferent from day l.

Table 2 Physielogical i･ariablcs measured  during the graded exercise  tcst

   before urid after heat acclirnatien, V02p.,k/ aerobic  capacity;  E[R.,./

   maximal  hcart rate: W.,./ maximal  power; RPE/  rating  ofpcrceived

   cxertion; TET/  total  exercise  time.

   SrOlpenk HR,-Hx

(ml･kg 
i･min

 
L)
 (bpm)W.,.

 PinalRPE  TET

CWatts) (min)

BeforeAfLer 54± 653

±S

194 ± 10 300± 42

IS9+7 296± 49202022
± 422

±.4

emrironmcnt.  As  shown,  none  of  the  measured  parameters
ehanged  after the protocol.

Discussion

  The  main  and  original  finding of  the present study  was  the

increased sweat  loss jn the middLe  of  the heat acclirnation

protocol (days 5 and  7) and  its returning  to initia] values  by

day 9 in tropical  nativc  subjccts.  This result  is in agrcement

with  the modet  proposed by Horowitz  (1998), which  suggests  a

biphasic process during acclimation  as a  consequcnce  of  a

transient mechanism  for hcat dissipation in the early  days of

hcat acclimation,  According to  this model,  once  acclirnation  is

achieved  the evaporation  ratc  can  be maintained  probably due

to a reduction  in sweat  electrolytc concentration  (Kuno, 1956;

Fox et al., 1974; IIori ct al., 1976) and  higher skin  temperature

(Thomson, 1954; Nguyen  and  Tokura, 2002) despite a

rcduction  in sweat  rate; i.e, increased cMcicncy,  Therefore, thc

sweating  augrnentation  observed  in the rniddle  of  the heat

acclimation  protocol could  be interprctcd as an emergency

rnechanism  fbr maintcnanee  of therTnal homeostasis, showing

a  biphasic sweating  responsc.  However, our interpretation is

based on  thc diffk)rence between day 1 and  days 5 and  7 and
the non-difference  between days 1 and  9. Hence,  the biphasic

sweating  rcsponse  during heat acclirnation  in tropical natives
must  be better investigatcd to confirm  our  findings,

  The absence  of  difference in the  sweat  Loss between days 1

and  9 could  have bccn due te the short  period of  heat

acclimation,  since  Armstrong and  Marcsh  (1991) suggested

that the sweat  rate  improvement takes place at  8 to 14 days of

continuous  heat exposure.  Howcver, in the present study,  it

seems  that thcre was  atransient  enhancement  in the sweat  loss

and  a  return  to pre-heat-acclimation values,  showing  that thcrc

was  suMcient  timc  for adaptation  in our  subjccts.

  Some  studies  havc shown  other  possible evidcncc  fbr a

biphasic proccss during heat acclimation  that can be fbund in
changes  in plasma volumc  (Wyndharn et  al., 1968; Shapiro et
al., 1981), extracellular  volurne  (Wyndham et al., 1968),

plasma aldosteronc  concentration  (Armstrong ct  aL,, l989) and

in cardiac  output  and  strokc  volume  responses  (WYndham et
al., 1976). IIowcver, the present study  is the first one  to find

such  a response  for sweating.

  It is important to note  that short-term  and  long-term heat
acclirnation may  inducc quite different responscs.  Also, the

sub.icctsi  previous exposure  to heat shou]d  lead to differcnt

responses.  It is well  established  that short-term  heat
acclimation  induces a  higher sweat  rate  (Wyndham, 1967;

Nadel  ct al., 1974; Nielsen et  al., 1993), higher sweat  gland
fiow and  no  changc  in the number  of  activatcd  sweat  glands

(Peter and  Wyndham, 1966). In contrast,  tropical natives,

who  have prcsumably been subjected  to long-term heat

acclimatization, have becn shown  to have a  lower swcat  rate

(Wyndham ct a]., 1952; Thornson, 1954; Kuno, 1956; Fox et

al., 1974;  Hori  et al., 1976; Nguyen  and  Tokura, 2e03),

reduced  sweat  electrolyte conccntration  (Kuno, 1956; Fox et

al., 1974; Hori et al., 1976), a higher numbcr  ofactivated  sweat

glands (Kuno. 1956)  and  higher skin  temperature  (Thomson,
1954; Nguyen  and  Tbkura,  2002), Therefbre, our  findings

contradict  the current  bcLief that short-term  hcat acc]imation

cnhances  the sweat  rate.

  In the present study,  we  investigated tropical natives.  Hence,

the maintenance  of  sweat  loss without  disturbing thermal

homeostasis fo11owing heat acclimation,  as  noticed  in our  data,

can  be seen  as  an  cfficient  mechanism  ofadaptation  to heat. It

is interesting to note  that Mitchcll ct al. (1976) heat acclimated

subjects  from a  tempcrate  region for ten  days and  observed  a

sweating  augmentation  aftcr  heat acclirnation, However, even

though  the evaporated  rate  increased by approxirnately  iO`ra,

the unevaporated  ratc  increased alrnost 2009,", which  can  be

interpreted as  wastefu1  sweating,  Those findings have been

corroborated  by others  (Ayellini et  al., 1980),
  It is not  known  whethcr  cthnic  differences in hcat adaptation

are  due to genotypic or  phenotypic adaptation. Kuno  (1956)
has suggested  that thc number  of  activated  sweat  glands is

dependent on  the environmental  heat stress that one  is

suhjectcd  to before the age  of  two,  and  Hori (1995) proposcd
that due to repeatcd  heat exposures,  the sweating  center

bccomes  habituated to stimulation  by heat, reducing  its

response.  These studies  support  a  phenotypic adaptation  view.

On  the ether  hand  it js possible that chronic  exposure  to heat
stress  for rnany  gcnerations might  have sclccted  genetic
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adaptations  that allow  more  eMcient  thermoregulation.

  Another result  of  the present study  was  that sjmjlar AT.
induced similar  sweat  loss after  acclimation.  Although rnany

studies  have reported  increases in sweat  production after heat

acclimation  (TajTlor, 1986), the effect of AT,, on  whole-body

sweat  loss after  a short-term  heat acclimation  protocol has not

been well  investigated. In the present study  AT,. did not
change  after heat acclimation  as already  found by others

(Buono et  al., 1998). In addition,  it was  found that there was

similar  sweat  loss/AT,. showing  that the whole-body  sweating

sensitivity did not change  after  the acclirnation  process,
although  others  haye shown  jncreased local sensitivity

(Patterson et al., 2004).  ProbablM the swcat  rate  scnsitivity

increases in some  body regions  and  decreases in others

resulting  in a  redistribution  of  the sweat  across  body regions,

which  leads to higher eMciency.

  In the present study  the use  of  the same  work  rate

throughout  the heat acclimation  protocol might  havc been a
limitation because of  the possible training effect  anct  therefbre,

the same  absolute  work  rate  could  have represented  a  lower
relative  work  rate,  which  would  elicit srnaller  strain  (Taylor,
1986; Havenith, 2001). However, the variables  measured  in the

V02p,,k tests conducted  before and  after  heat acclirnation  wcre

not  different. Studies that have ernployed  similar  heat

acclimation  protocols also  did not  rcport  a  training effect

(Nadel et al., 1974; Hournard et al., 1990).

  In conclusion,  the results  of  the present study  showed  a

possible biphasic sweating  rcsponse  during a  short-term  heat

acclirnation  protocol in tropical natives.
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