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                 Abstract
  SHOU,  G,C. and  ISHIKO, T, Effect of Thermal Dehydration en  Blood

Lactate Accumulation During lncremental Exercise Under Different Efi-
vironmental  Conditions. Adv. Exerc. Sports Physiol., Vol.1, No.2, pp.1-7,
1995. The parpose of this study  was  to investigate the levets of blood tactate

(HLa) during incrementat exer'c ±se in both a  hot und  a thcrrnoncutrul cn-

vironments  after  thermal  dehydration. Ox},gen censumpllon  (V02), pu]n)on-
ary ventitation (VE), HLa,  hcart ratc (HR) and  rectal temperature  (Tr)
were  ohtainecl during an  incrcmcntal exercise test to exhaustion  on a cycle

ergometer  for 12 unacclimated  rnen  under  the followlng conditions/ 1) under

a thermoneutral  condition  without  taking a  sauna  (N25℃ ), 2) under  n  ther-

moneutral  conditlon  after  taking  a  sauna  (D25℃ ). 3) under  a  hot dry en-

vironmental  condition  after  taking  a  sauna  (D4e℃ ). Thc rcsults  wc]'e  as  tb]-

lows/ 1) HLa  levels during inerernental exercise were  signiileanr].s/ higher ln

D4e ℃ than  in D25 ℃ and  N25 ℃ at  thc sumc  intc"sitv levcls of  thc excTcisc,

and  wcre  also  significnntly  higher i" I)25℃ than in N25℃ . atthough  there

vvere  no  signMca"t  dirfarence$ in V02 during the cxcrclse  among  D40 ℃ ,
D25 ℃, and  N25 ℃. 2) VOn  max  in N25℃ was  significantly  highcr thnn  that

in D4U ℃ alld  D25 ℃
,
 and  V02  mux  in D25 ℃ was  signiCicantly  higher than

that in D40 ℃ . Exhaustion timc  was  also  higher in N2S ℃ than  in D40 ℃ and

D25 ℃. ]t is concluded  that exercise  under  heai and  dehydratien stresses  may

increase blood lactate accumuEation  without  a decrease of  V02  during sub-

maximal  excrcise,  and  impair  endur'ance  pert'ormance. Tbe  increased bloed

tactate accumutation  may.  be caused  by the increased glycolysis in thc work-

ing muscles,  but cunnot  bc att]'ibutcd to augmented  locaT hypoxia. The  de-

ereased  removuT  of  lactate by  organs  such  as thc liver may  contribute  to in-

creasedI'ILaaccumulation.

Key  words/  dehydratlon, hot dry environment,  maximal  aerobic  cH]]acity,

tactate, incr'emental exercise.

                Introduction

   When  a man  performs an  incremental exercise

under  a hot environment,  his internal temperature

rises (19,20), Thermal stress may  affect  the rate  of

anaerobic  metabolism,  which  alters  the  levcls of

blood lactate (HLa). Many  studies  have suggested

that HLa  levels were  increascd (11,12,19,23,24) but
some  studies  reported  them  to be unchanged  (14,20),
or  decreased (7) during exercise  in a  hot environment
compared  with  a  thermoneutral  environment.  On  the

other hand, England et al. (8) suggested  that thermal

dehydration resulted  in significantly  increased HLa
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Ievels, but opposite  results  were  also  reported

(I7,18), These experiments  (8,17,18) were  studies  on

metabolic  reaction  during exercise  under  a thermo-

neutral  environment  after thermal dehydration com-

pared with  metabolic  reaction  under  the same  en-

vironment  without  dehydration. From  these reports,

it is not  possible to elucidate  the effects  of  thermal

dehydration on  HLa  during exercise  in a hot environ-
ment.  The  effccts  of  thermal  dehydration  on  HLa
during  exercise  in a hot environment  are  equivocal

due to a lack of  studies,  Therefore, the purpose of

our  study  was  to compare  HLa  during incremental
exercise  in a  hot environment  after  thermal dehydra-
tion with  HLa  during the same  exercise  in a thcrmo-
ncutral  ¢ nvironment  with  or  without  dehydration.

           Materials and  Methods
A. Subjects

   The subjects  of  our  study  were  12 physically fit
and  healthy male  students.  The  mean  age  (± SD) and

physical characteristics  of  the students  are  presented
in Table 1,
B. Measurements

   The  subj+:cts wore  sneakers,  shorts  and  socks

during the tests. They  wcre  asked  to maintain  a nor-

mal  diet and  to limit their physical activity  for 48 h

prior to testing. The  use  of alcoholic  beverages was

forbidden during the study  period. They  were  consi-

dered to be unacclimated  to heat, because the  experi-

ments  were  carried  out  from January to February in
Japan. All subjects  were  fully informed of  the proce-
dures and  risks before we  obtained  their informed
consent  to pa/rticipate in this investigation. The tests

were  performed approximately  at the same  time  of

the day in a  cllmate  chamber,'The  subjects  under-

went  incremental exercise testing under  three condi-
tions: (a) under  a  themoneutral  condition:  dry bulb

temperaturc  (Tdb) 25,O℃ 
,
 wet  bulb temperature

(Twb) 14,6℃ 
,
 relative  humidity 30%  without  taking a

sauna  (N25℃ ), (b) under  a thermoneutral  condition

1
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                               Tab]e L

                                        Age

                                       (vears)

                         Mean 19.7

                          sv) o. tt･

                    Values are  means  ± SD  fer 12subjects.

  after  taking sauna  (D25℃), (c) under  a hc)t dry en-

  vironmental  condition:  Tdb  40℃ 
,
 Twb  25,3℃ 

,
 rela-

  tive humidity 30%  after  taking a  sauna  (D40℃ ). Air
  velocity  in the climate  chamber  was  kept constant  at

  O.3 mts.  The  subjects  werc  exposed  to a sauna  bath

  (Tdb 90℃) in the sitting position for 45 min  or  more

  until 1%  reduction  in body weight  was  attained,

     Each  subject  sat  quietly on  an  cycle  ergomcter

  for 15 min  in the climate  chamber,  and  thcrcafter his

  resting  oxygen  consumption  (V02), minute  ventila-

  tion (VE), heart rate  (HR), HLa  and  rcctal  tempera-

  ture  (Tr) were  measured,  After attainment  of  this

  resting  statc  incremental exercise  was  pcrformed,

  Arterialized capillary  blood samples  for determina-

  tion of  HLa  were  taken not  only  at rest  and  during

  cvery  minute  of  incremental exercise  but also  at  thc

  3rd minute  of  recovery.  Samples were  takcn from the

  earlobc.  They were  analyzed  immediately with  a  lac-

  tate analyser  (YSI Model 23A  Ycllow Springs Instru-

  ment  Co. USA),  Venous bl(')od samples  werc

  ebtained  from a forearm vein  beforc and  after  the ex-

  periment. Hematocrit (Hct) was  determined  by mic-

  roccntrifugation  and  hemoglobin (Hb) was  analyzed

  by the cyanmcthemoglobin  method.  The incremcntal

  exercise  tests were  performed on  a mechanjcally

  braked cycle  ergometer  (POWERMAX-V Combi

  Co., Japan). The subjcct  pedaled at a work  rate  of  30

  W  (60rpm) and  then  th¢  load was  increascd by 30 W

  every  two  minutes  until  the  sub.iect  could  not  main-

  tain it. Sub.iects performed three incremcntal cycle

  ergometer  tcsts, Each  experiment  was  schedulcd  one

  wcek  apart.  The  tests werc  carried  out  in the order  of

  D40℃ 
,
 D25℃ and  N25 ℃ . During the experimental

  test each  subject  breathed through  a  low  rcsistance

  vaive  and ventilation,  oxygen  consumption,  carbon-

  dioxidc production and  rcspiratory  exchange  ratio

  (RER) were  measured  every  minute  with  Oxcycon

  (Stress tcst system  Oxycon- 4 MIJNHARDT  Co,,

  Netherland). Before every  test thc  gas analyser  was

  calibrated  with  standard  gas mixturcs,  The  changes  in

  rectal  temperature  during cxercise  were  mcasured

  with  a  rectaE  thcrmistor probe connected  to a  thcrmo-

  mctcr  (Model VM  2-OOI VINE  Co., Japan). Heart

G,C, SHOU  and  1'. ISHIKO

Physical charactcristics  of  the subjects,

Height

 (cm)
Weight

 (kg)

172.8

 3.9
65, Z

 2.9

ratc  was  obtained  from continuous  ECG  recording

(Dyna Scope 880 FUKUDA  Co,, Japan). Before and
after  sauna  and  incremental exercise,  the subjcct's

weight  was  measured  by a  wcighing  indicator (AD-
4323B A&D  Co.. Japan). Maximal  V02  (V02 max)

was  defined as  thc  point achieving  three of  thc fol-

lowing four critcria: 1) leveling-off of  the  increase in

V02. 2) RER  greater than 1.10, 3) HR  greater than

180 beats!min, and  4) HLa  greater thun 8mmolll.

C, Statistical analysis

    The data were  expresscd  as  means  ± SD  and  the

differenccs in HLa, HR,  and  respiratory  rcsponses

between thc two  environmental  conditions  wcrc

analyzed  using  the two-way  analysis  of  variance  for

repeatcd  measures,  The statistical significance  of  the

differences was  estimated  by Student's t-test on

paired data. In all statistical analyses  the level of  sig-

nificancc  was  set  at p=O.05,

                   Results
    Table 2 summarizes  selcctivc  values  at exhaus-

tion during thc increamentaj exercise  under  the three

experimental  conditions,  Figures 1-5 show  the  com-

parison of mean  values  for Tr, HR,  V02, VE  and

EILa in 12 subjects  during the incremcntal exercise  at

N25 ℃ . D2S℃ and  D40 ℃ , Tr was  increased through-

out  two  experimental  conditions  (D40℃ and  D25℃ )
(Fig. 1). The  mean  Tr at  the rest  periocl was  almost

the  same  for D40 ℃ and  D25℃ , During incremental

exercisc  in D40℃ 
,
 Tr was  consistentiy  highcr (p <

O.05) compared  with  that in D25℃ (Fig. 1). HR  was

increased during incremental exercise  in D40 ℃ ,

D25℃ and  N25℃ , and  thc difference was  significant

bctwecn these three conditions  (p<O.e5) (Fig. 2),

V02  and  VE  were  incrcased in a linear fashion undcr

three experimental  conditions  but no  significant  dif-

t'erence was  demonstrated (Fig. 3-4). Notc that not

only  was  V02  max  in N25℃ highcr compared  with
                                         '
that in D25 ℃ and  D40 ℃ (P<O.05), but also  V02

max  in D25℃ was  higher than  that  in D40 ℃ (P<
O.05) (Table. 2). VE  max  in D40℃ was  also  signifi-

cantly  iowcr than  that in D25 ℃ and  N25℃ (P<O.05),
and  VE max  in D25 ℃ was  also  significantly  lower
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Table 2.Cardiorespiratory and  blood lactate values  at exhaustion.

V02nlaxV02miiX

(mVmintkg) (Vrnin)

N25℃

VEmax

(Vmin)

RER

(VC021V02)

H]RmaxHLamax

(beatslmin) (mM/1)

Exhaustion

tirne

  (min)

Mean  53,O"-b 3,44a-h

 SD  2.7 (J,33

121.g,i.h12.81.18"b{).13 187.1

 8,O

8,21a-h ]g,o7ti･b

o,2g 1,so

D25 ℃
Mean  5e.6C

 SD  2.83,24ce.27

]OO.4C13.0 1,06O.07

       Mean 47.9 3.08
D40 ℃
        SD  2,7 O.27

Values are  means  ± SD  for 12 subjects,

difference betwecn  N25℃ ttnd  D40℃ ,

94,410,4 1.08O.07

IS7,6 8,8ee

 9,9 e,33

17,29].30

IS7.7

 8.2

9.25O.26 t6.71O.30

  (a: significant  difference bctween N2S ℃ and  D25 ℃ , b:significant

c: singnificunt  differencc betwcen N25 ℃ and  D40 ℃ :p<O.05)

li(dC)38.4

3&2

38.0

37.8

37.6

37,4

Fig. 1.
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Comparison of  mean  values  for Tr in 12 subjects

during incrementai exercise  in D40 ℃ (A), D25℃

(m).(a:
 significant  difference between  A  and  M;  p<

O.05)

than  that in N25 ℃ (P<O.05) (Table. 2). Mean  time

to exhaustion  in D40℃ was  16.71 ± O.30 min  while

that in D25 ℃ was  17.29± 1.30 min,  but the differ-

ence  was  not  significant.  The  mean  time  to exhaus-

tion under  two  dry conditions  was  significantly  shor-

  HR(oeatstinin)

200.0
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Fig. 2.
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C.omparison of  mean  values  for HR  in 12 subjects

during incrementa] exercise  in D40 ℃ (A), D2S ℃

(L]) and  N25 ℃ (C),),

(tt: significant  differenee between A  and  M, b: sig-

nificant difference between A  and  O, c; significant
dLfference between M  und  (); p<O.05)

ter compared  with  that under  N25℃ (19.07 ± 1.50
min)  (P<O.05, Table. 2). HLa  leve]s were  significant-

ly higher at cach  mcasurement  period under  D40℃

compared  with  those under  two  other  thermoneutral

conditions  (N25℃ and  D25 ℃) (P<O.05), and  HLa  in

D25 ℃ was  also  higher compared  with  that in N25℃

(P<O.05) (Fig. 5). Bcfore thermal  dchydration, no

significant  changes  were  found in Hb  or  Hct at the

end  of thc rcst period undcr  two  conditions  (D25℃
and  D40 ℃). Aftcr incrcmental cxercisc  in D40 ℃ , Hb
and  Hct were  significantly  increased compared  with
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5. Comparison of  mean  values  fer HLa  in 12 subjects

   during incrementa] exercise in D40 ℃ (A), D25 ℃

   (Z) and  N25℃  (O),
   (a: significant  diiTerence between  A  and  rm, b: sig-

   nifieant  diffcrcncc bctwcen ZX and  C//, c: significant

   difi'erence between D  and  O; p<O.05)

those inloss

 ofO.59%,(Table.

 D25 ℃ (P<O.05) (Fig. 6, Fig. 7), Thc mean
body weight  during incremental exercise  was

1.77%, and  2.07% in N25,  D25 ℃ and  D40℃

3), respectively.

                Discussion

   The main  objective  of this study  was  to compare

the change  of  HLa  during incremental exercise  in a
hot environment  after  thermal  dehydration with  that

during the same  cxercise  in a thermoneutral  environ-

ment  after dehydration. To  the best of our  know-
ledge, this is thc first study  comparing  HLa  between

Table 3,Average  values  of  body

perimental conditions.weight

 lossduringbicycle exerciseunder  thrce cx-

N25℃ D25 ℃ D40℃

Body weight  (kg)

Weight loss (kg)
Weight ]oss (%)

(pre) 65.04±5.33

(post) 64.73±5,31

     0.31 .l,O.ol"･b

     O.59

(pre) 65 .01 ±4.97

(post) 63.86±4.89

     1.15 ±,.O.Osc

     1.77

(prc) 65.32±5.37

(pest) 63.97± 5.16

     1,35±O.21

     2,07

Valucs are  nieans  =+' SD  for 12 subjects.

cant  difference between N25 ℃ ttnd  D40 ℃

(a: signifieant  diffcvcncc betwccn N25℃

,
 c:  singnificant  difference between  N25 ℃

and  D25 ℃ 
,
 b:signifi-

and  D4C)℃ ;p<O.05)
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Effect of  Thermal  Dehvdration on  Blood Lacrtate

EI] before sazma

va after sauna

[] after  exercise

   *

Hct<%)

E] before sauzxa
Z  after  sauna

D  after  exercise

  *

       *

5

12

6

o

           D25℃  D40℃

Fig. 6. Comparison of  mean  values  for Hb  in L2 subjccts

      during incremental exercise  in D25 ℃ and  D40 ℃

      (* p<O.05).

40

20

o

rT-nn* *"

/.......

ttt

          D25℃ D40℃

Fig, 7. Cemparison of  mean  values  for Hct in 12 subjects

      durin,g incremental excrcise  in D25 ℃ and  D40℃

      (* p<o.os).

hot and  thermoneutral  conditions  during incremental
exercise  after  dehydration. To datc, most  reseachers

have measured  HLa  during cxercise  in a  thermoneut-

ral environmcnt  after  thermal  dehydration to com-

pare HLa  without  dehydration (8,17,18), or  HLa
under  a hot environment  without  thermal  dchydra-
tion to comparc  HLa  under  a  thermoneutral  condi-

tion (19,20).
    In our  findings, HLa  levels during incremental
exercise  in D40℃ were  significantly  higher compared
with  those during the samc  cxcrcise  in D25℃ and

N25 ℃ . HLa  levc}s in D25 ℃ were  also  higher than
those in N25℃ . England et al. (8) observed  an  in-
crease  in HLa  during exercise  in a  thermoneutral  en-

vironment  following thermal  dehydration.  However,
Saltin et  al.  (17) observed  a decrease in HLa  during
exercise  under  thermal  dehvdration. Our  results                         v

showing  that HLa  was  higher under  thcrmal  dehydra-
tion disagreed with  the work  by Saltin et al,,  whose

study  adopted  a different method:  a  thcrmal  load

(sauna) without  exercise,  hard work  under  a  thermo-

neutral  condition  (17-20℃) or  miid  work  under  a  hot
environment  (36-38.5℃ ), Exercise in a hot environ-

ment  after  thermal  dehydration in our  experimcnt

showed  a  much  greatcr cffect  on  HLa  accumulation

than  a thermal  load without  exercise or  exercise  with-

out  a  thermal load (17).
    It is a well-known  fact that HLa  represents  the

ba]ance between the amount  of  HLa  released  from
the muscles  into the blood and  the amount  of  HLa
removed  from the blood. Fink (9) reported  that dur-
ing exercise  in heat HLa  was  significantly  higher than
that in a thermoneutral  cnvironment,  and  he ex-

plaincd that  elevatcd  HLa  was  due to a reduced

blood fiow to active  muscles  in favour of  increased
skin  blood fiow, which  resugted  in local hypoxia and
elevated  HLa,  However, this couid  not  have been the
case  in the prescnt study,  because V02 did not  differ
significantly,  while HLa  was  higher significant]y  in
the hot environmcnt  after  thermal  dehydration cQm-

pared with  those in the thermoneutral  environment.

These rcsults jn D40 ℃ are similar  to the  change  in a

hot environment  without  thermal  dehydration
observed  in our  previous invcstigation (19). Rowell  et

aL. (16) obscirved  that femoral venous  HLa  was  in-
creased  but that V02  of  the quadriceps muscles  was

unchanged  during graded progressivc exercise  under

hypoxemia (breathing 10-11% 02) compared  with

normoxemia.  Connett et  al. (5) observed  that 02 ten-

sion in muscle  tissue was  not  related  to lactate effiux
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from the musclcs  during twitch contractions  of  rcd

muscles  in dogs. In fact many  investigators beLieve

that factors othcr  than  muscle  hypoxia are  important

and  reponsible  for the increase in HLa  (1,3,6). One

explanation  might  be that the thermaL  dehydration

and  hot environment  in our  study  resulted  in a grea-
ter circulatory  stress and  prebably increased physical
discomfort compared  with  the same  exercise  under

normal  conditions.  Thcsc strcsses  would  elicit the in-

volvement  of the sympathoadrenai  systcm.  It had
been found that increased rates  of  giucose and  lactatc
turnovers in exercise  indicate a  greater dependence
on  glycogenolysis and  glycolysis duc to increased

levels of epinephrine  (10). Epinephrine is known  to

act through  B-adrenergic receptors  to stimulate  mus-

cle glycogenolysis (4,21) and  to be associated  with  an

increased rate  of  glycogcn breakdown during exer-

cise, which  results  in an  increased HLa  during exer-

cise  (13,22), It has been argued  that the rise  in plas-
ma  epinephrine  levels during incremental exercise  is
the primary factor infiuencing HLa  becttuse the level
of  epinephrine  was  very  highly correlated  to the rate

of  lactate turnover  (r=O.97) (10).
    Another possible explanation  might  bc a  de-

creased  rate  of HLa  removal  by thc Eiver due to de-
creased  hepatic blood fiow (14,15). In our  previous
study  (19) we  observed  that HLa  levels during in-

cremental  exercise  in a hot dry environment  were  sig-

nificantly  elevated  compared  with  that during the

same  exercise  load under  the theTmoneutral  environ-

mcnt.  Thcse results agrced  with  England's results

showing  that HLa  was  higher after  thermal  dehydra-
tion in the thermoneutral  environment  (8) and  would

suggcst  that HLa  is much  higher after  thermal  de-
hydration in the  hot dry environmcnt.  These findings

might  be explained  partly by thc reduced  hepatic
blood fiow.
                       ,
    In the present study,  V02  max  was  affected  by
the three experimental  conditions  and  it was  signifi-

cantly  lower in D40℃ comparcd  with  both in D25℃

and  N25℃ (Table. 2). In contrast,  other  studies  have
reported  that V02  max  was  not  significantly  rcduced

during exercise  in a thermoneutral  environment  after

thermal  dehydration (2,18). Buskirk et al. (2) re-

ported that, during exercise  after  thermal  dehydra-
tion, the average  V02  max  of  subjccts  (N ==

 13) was
decreased by 21emVmin  after  the lst dehydration and
by 220ml!min after  the 2nd dehydration, but that the
reduction  was  not  significant.  Their results  would  be
due to thc fact that their subjects  werc  acclimated.

Acclimation to heat was  accomplished  by the per-
formance of daily bouts of  work  in the heat and  they

remained  in the hot room  for 2.5 hours everv  morn-                                     J
ing for one  week,  and  some  of  them  took  part in a

training program, In the present study,  obervation  of

reduced  V02 max  during bicycle exercise  in a hot dry
environmcnt  after thermal  dehydration for compari-

son  during same  exercise  in a thermoneutral environ-
ment  was  contradictory  to the findings of  our  pre-
vious  study  (19). But thermal  dehydration was  abscnt

in the method  used  previously, which  in the present
study  significantly  affccted  V02 max.  The  significant

change  in V02  max  in the present study  could  be ex-

plained by the fact that the thermal dchydration re-

duced the time to exhaution  during incremental exer-

cise jn D40℃ and  D25℃ (Table, 2), During in-

cremental  exercise  in D40 ℃ and  D25 ℃ ,
 HR  and

HLa  were  significantly  higher thap those in N25 ℃ .

This would  increase circulatory  stress and  probably

physical discomfort, both of which  might  reduce  the

performance time. Psychological factors may  account

for the diminishcd performance after  thermal  de-

hydration (17).
    In conclusion,  the major  finding of  our  study  was

that HLa  was  higher, V02  was  unchanged  and  V02

max  was  lowcr during incremental exercisc  in a  hot

environmcnt  aftcr thermal  dehydration compared

with  the same  cxcrcisc  in a thermoneutral  environ-

ment.  This can  be explained  as follows: hard exercise
under  hot environment  aftcr  thermal  dehydration ele-
vatcd  epinephrine  secretion  which  increased HLa

from the muscles  via i? -adrenergic receptors  without
                      '
a concomitant  increase in V02. The decreased rate  of

HLa  removal  from the liver might  contribute  to HLa
elevation.  Physical disconfort due to high HR  and

high HLa  wQuld  affect  pcrformance time  and  V02

max,
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