
Japan Society of Exercise and Sports Physiology

NII-Electronic Library Service

JapanSociety  of  Exercise  and  Sports  Physiology

Adv. Exerc. Sports Physiol., Vol.1O, No.2  pp.55-61  , 2004.

Effect of  Myperventggation

olt Hormonag  Response  in
During
scuwtans

Tohn} TAKEMASA[,  Shunpci MIYAKAWAi

HIROKAWA[,  Masanao  MACHIDA[,  YUsuke

Hidekj OHN02  and  Shukoh HAGA]

i
 In,s'titute qf'Uealth &  EPort Scien['es,

 .so5-8574, .hwan
''
 Depaivfnent qf' Mblecutat' Pf'edictiL,e

 Mbdic'ine, 6-20. -2･ ShinkaTt,a, Mlr'taka,

, Satoshi

KOSAKAi

C,'niL,et'si4y qi' 7]i

Resistance Exercfise

NAGAI/Ai,  Kazuki  ESAKIi,  Mitsushi

,
 Ybshiaki HITOM]i.  Takako  KIZAKI2,

ukttba,  1-1-1 7Unnouclai, 7kukuha, lbai'aki

Mt.dicine and  ,SX)ort  Science,
7blo.,o 181-86il JLumn

Kyorin Unii,ersin. J, Sehool of'

                   Abstract

   TAKEMASA,  T., MIYAKAWA,  S., NAGATA,  S., ESAKI,  K., Hl-

ROKAWA,  M., MACHIDA,  M., KOSAKA,  Y., HITOMI, Y., KIZAKI,
T., OHNO,  H. and  HAGA.  S  ., Effect of  Hype  rventilation  During  Re-
sistance  Exercise  on  Hormonal  Response  in Humans.  Adv.  Ex-

erc,  Sports  Physiol., Vol.10, No.2  pp.55-61, 2004.  A  Japanese
body builder, Mr. Shigemura, recent]y  proposcd a  ncw  rcsistance-

training protoco[ design¢ d to  producc  musclc  hypertrophy. This
'ECE'

 (exte-sion-contraction-cxtcnsion) protocol invotves. a  long

period of  exha[ation  during the tnuscle  extension-contraction-cx-

tcnsion phase, t'ollowed by deep inha[ation at  rest.  Wc  invcsti-

gatcd thc  acute  etl'ects ol' ECE  training on  the hovmonal rcsponsc.
Ninc  hcalthy male  subjects  e"ch  performed  5 sets  of  e]bow  ficx-

ion cxcrcises  using  three protoco]s/ 
'usua]'

 {no brcathing instruc-
tions), 

'oce]usion'
 Coec[usion of  uppev  arm  with  a  bcltl no

breathing instructions), :]nd ECE. Examination of  muscle  oxy-

genation leve]s by neur-infrared  spectroscopy  during cxercise  re-

vca]ed  that oxygenation  [eve[ and  a]np[itudc  ef  oxygenation  were

significantly  higher with  the ECE  protocol than  ",ith  thc  othcr

t",o protocols. We  concluded  thtit usc  of  thc E(IE  pretoco] in-
duces relatively  higher oxygcnation  at  a  skclctal  tnuse]e  level. Ex-
amination  of  the subo'ects' anabolic  and  catabolic  hormonal

responses  reN･ea[ed  that although  serum  lactate and  growth hor-
n]one  ]eve]s -'crc  a]niost  equal  ivith  the Lhree  protocols. thc

plasnia cortisol  levcl xvas  signilicantty  [oNver -,ith thc ECE
SYStCtl].Keywords:

 Resistance lraining, Hypen,enti[ation, Growth  Hor-

n]one,  Cortiso]. Hypertrophy

                 lntroduction

    Muscle  resistance  exercise  is a potcnt stimu]us  for
acute  incrcases in thc concentrations  of  circulating  hor-
mones  sueh  as  growth  hornione (GH), tcstosterone, and

cortiso]  <COR). Thcsc responses  may  expand  the pessibil-
ity of  honnonc-reccptor interactions within  muscle  cells,
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and  the incrcased number  of  receptors  after  training may

cnhancc  the  muscle  protein turnover observed  afier resis-

tance exercise  (12, 20). Administration ofGH  and  testoster-

one  increases musclc  protcin synthesis  and  promotes
niusc]e  mass  growth  in humans  (7, 8), whercas  data from

animal  studies revea]  that hypophysectonomy or adminis-

traien of  androgen  receptor  antagonist  suppresses  thc  hy-

pertrephy induced by exercise  (2. 13). COR  administration

has a  catabelic  efTect  on  myofibrMar  proteins and  sup-

prcsscs protein synthesis  (6. 15). Training studies  have also

shown  that acute  responses  of GH  are well  correlated  with

changes  in musclc  sizc  and  strength  (19).
    Severat resistancc-training  protocols have been devel-
oped  to improve  different muscular  aspccts,  such  as  maxi-

mum  strength  and  hypertrophy (1). Thcse  protocols, which

difil)r ln the  components  of  acute  program  variablcs  such

as intcnsity, total work,  and  rest  intervats, caLLse  diffl]rent
hornional responscs.  GH  and  COR  concentrations  sN'ere

found to be higher aftcr a muscular  hypertrophy protocoE
than  with  a  maximum  strcngth  protocol, but change  in tes-
tosterone concentrations  secmcd  to eontroversia]  (5, 10.

17. 18).

    Among  exercise  parameters, there  is no  established

breathing method  that has bc¢ n  proven best fbr muscular

hypertrophy. Although  continuous  breathing during exer-
cise  seems  to be of  importancc. many  trainees  stop  breath-
ing during truinins, sets,  This increases intraabdominal

pressure. drives up  bloocl pressure. and  reduces  oxygen

supply  to the muscle  and  brain, and  rcsults  in lightheaded-

ncss. dizziness or  even  passing ouL  Thcrcfore. the fo11ow-

ing breathing patteni is usually  reconimended.  
"Always

breathc in decply through  the  nose  during the  eccentric

phase of  the ljft, HoLd  the brcath momentarily  during the
eccentric  isomctrie phase, breathe out  through  the niouth  at

the sarne  rate  of  movement  during the concentric  phase,
continue  to exhale  during the cencentrie  isomctric phase.
then repeat'-  (1). It is also  important to be awarc  not  to

corripletcly  exhale  a]I air from the lungs, bccausc t]iis wi][

55.

NII-Electronic  



Japan Society of Exercise and Sports Physiology

NII-Electronic Library Service

JapanSociety  ofExercise  and  Sports  Physiology

56
T. 1'AKEMASA  ut  aL

affect  the positioning of  the rib  cage  and  produce loss ef

stabi]ity.

    Recently, Mr. Shigemura, a Japancsc body buiider,

proposed a  training  method  that uscs  a specific breathing

pattern during resistance  exercisc  and  that might  be etfec-

tive fbr producing muscular  hypertrophy (22. 29). Accord-
ing to this protocol. thc trainee starts  the movement  from

the extendcd  rnusclc  position and  then  inhales deeply. A
short  time aftcr starting the exhalation,  he or she performs
the contraction  and  subsequent  extension  movement,  with-

out  stopping  thc cxhatation  throughout the motion.  The

traince  continues  exhaling  litt}e by  little, and  only  whcn

thc muscle  has retuined  to its original  extended  position
can  hc or she inhale deeply. Mn  Shigemura rcports  that

trainee t'eels a  buniing sensation  in thc musclc,  as if they
have lifted a heavy  weight  to exhaustion,  even  when  the

weight  is much  lightcr (about 60%  of  IR.M) than  that usu-

ally  used  for hypertrophy exercises. He named  this ]nethed

the  
"ECE"

 (extension-contraction-extension) training sys-

tcm.

    We  wanted  to find out  why  the  ECE  training system

was  eifective  in producins, muscu]ar  1]ypertrophy, so wc  in-
N,estigated muscle  oxygenation  lcvcls and  anabolic  and

catabolic  horrnone response  in a  singJe  bout of  exercise,

We  compared  the  ECE  protocol with  the 
`usuag

 method'

and  the 
Loeclusion

 mcthod'  (see beLow); the latter is also  re-

portcd to be edective  in creating  muscular  hypertrophy

(24, 25).

                    Methods
Sllbject.s

    With the approvat  of  the Ethics Committee  of  the  In-

stitute  of  Medical Scicnecs, University of  Tsukuba, Japan,
9 apparently  hcalthy male  sub.iects  (university water  polo

players) teok  paTt in our  study.  They  had the fo11owing

physical characteristics/  mean  age: 20,2± O.4 years; height/

1 73.1 ±  1 .7 cm;  and  body  weight:  71.8+  1,6 kg (va]ues are

means ± SE). Aftcr cxplanation  of  the study  protocol and

requirements,  written  informcd conscnt  was  obtained  be-

fbre the testing began. All subjects  had some  weight-train-

ing experienec  but none  of  them  was  a  competitive  ]ifter.
Therc was  no  history ot' any  endocrine  disordcrs, glucose
intolerance, or chronic  disease that might  have  influenced

their responsivcncss  to strenuous  exercise.  SLLbjccts wcrc

instructed to maintain  their noiinat  diet and  to avoici  physi-
cal  activity  for 24 h before the experimcntat  trials.

llxereise c'ond)'tions

    On  an  initial visit  to thc laboratory, each  subject  was

tested  for maximum  strcngth  by a single-ar]n  dumbbcll eurl
exercisc  in thc sitting  position using  the r{ght  (dominant)
arm,  Throus,hout thc excreise,  subjects  kept the uppcr  body
                                      s.

upris,ht and  thc  upper  arm  declined at  about  45 in  t'ront ol'

theni with  thc  aid  of  an  armrest.  One repetjt{on  maximum

(1 RM)  was  detennined as the maximum  weight  that thc in-

dividual could  mox,e  through  the  fu11 rangc  of  motion  only

once  without  a changc  in body position. No less than 1
week  later, the9  subjccts  rctumicd  to the  laboratory for the

first exerclse  sessien.  On thc day of  thc experiment,  tbllow-
ing a  4 h fast, the subjcets  compteted  the arm  curl  routine,

performing 5 scts  of  exercises  beginning at 609{} of  their 1

RM.  For cach  sct ofcxercises,  the sub.jects repeated  the lift-
ing movcment  until  they  t'ailed, A  15 s rest  was  allowed  be-
tween sets. In the successive  4 sets, the opcrator  sct the

inaximum  weight  so  that the sub.ject  could  complete  no

more  than  10 reps  (Fig, 1). Sub.jects were  instructcd to ]ift
and  lower the dumbbell in an approximately  constant  cycle

C2 s for the coneentric  phase, 2 s  for the eccentric  phasc,
and  2 s for resting  in the  bottom pesition). Subjccts pcr-
tbnned  the  exercise  using  thc  thrcc  difft:rcnt proteco]s (scc
below) in a ranclom  scquencc,  cach  of  them  separated  by 1
wcck.

Me  three  exeix'ise  protocols
    All subjects  tbllowed the three  protocels with  a  singlc-

arni dumbbelt curl exercise  in the sitting position. Subjeets
began the  single-ann  dunibbell curl  rnovemcnt  with  the bi-
ceps  inusc]e  jn an  extended  position. Thcy  thcn  contracted

the  biceps musclc  and  succcssive  extension  without  stop-

ping movemcnt  at thc most  contracted  position, and  repeat,

The  thrce protocols were  as  follows: 1) usual  protocol/ the

subject's  arm  was  not  occluded  and  the subject  was  not  in-
structed  to breathe in any  particu]ar manncr;  2) occlusion

protocol/ the subjcet's  arm  was  occluded  with  a specially

designed clastic  bclt (M.P.S.-700 Sato Sports Plaza. Tokyo,

Japan; w'idth  33 mm,  length 980 mm,  or  KXH41OO  Phenix.
Tokyo, Japan; width  30 min,  ]ength 470 tnm)  during the cn-

tirc session  (26); the belt was  released  im]ncdiatcly aftcr

thc cnd  of  thc scssion. The elastic belt was  attached  to the

proximat end  ofthe  upper  ann  and  tightcncd  in accordance
with  the inanufacturer7s  instructions (--]OO mmHg).  The
subject  was  not  instructed to brcathe in any  partieutar way;

3) ECE  protocel: thc sub.ject  was  instructed to breathe as

fi]11uws: continue  exha]ing  1{ttle by  littlc during thc ECE

process, and  inhale decp]y only  whcn  the muscle  has been
returned  to itg eriginal cxtcnded  position,

ittfeasui'ement  qf'nniscte ox}x.  enation  level

    Muscle  oxygenation  levels were  measured  with  a

NIRS  <ncar-infi'arcd spectroscopy;  Model  HEO-200,  Om-
ron,  Japan), which  had a flcxiblc probe containing  a light

source  and  an  optical  detector, with  a  distance of  30 mm
bctween them  (M). A  pair of  two-wavelength  (760 and

840 nm)  light-emitting diodes was  used  as  the lis,ht sourcc.

A  si[icon photodiodc was  uscd  as  the photodeteetor. When

the probe was  attachcd  to {he belly of  thc biccps muscle.

the [ight was  ab]c  to pcnetrate the soft tissue by  15 to 20

mm.  Changes  in oxyhemoglobin  (A Hb02), deoxyhemoglo-
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bin (AHb), and  total hemeg]obin  (AT-Hb) ",ere calculated

by thc i'ollowing cquationsi
A  HbOi=K'  [AOD (840 nm)-O,66AOD  (760 nm)]
AIIb-K'[O,80AOD  (760 nm)-O.59AOD  (840 nm)]
AT-IIb=K'  [O.41 AOD  (840 nm)+O.  14AOD  (760 nm)]
w'hcrc  AOD  is thc  change  in optical density, and  K=O,146
whcn  thc dctcctor is 30  mm  from the radiation  source  (21).
Because the  HbO!  signal  measurcd  by NIRS  indicatcd thc

relative  values  ot' tissue oxygenation.  wc  occluded  thc bra-

chia] artery to estab]ish a percentage scate for muscle  oxy-

gcnation lcve]. A  pneumatic cuff  was  inflated to over  300

mmHg  te occ]udc  artcrial  blood flow for 4 to 7 min  unti1

thc muscle  oxygenation  level had bottonied out,  The  rest-

ing valuc  ofmusclc  oxygenation  was  dcfincd as  1Oe%,  and

the lowest valuc  during thc oec]usion  was  d¢ fincd as  O`ra

(Fig. 1).

Measuretnent qf'GH, lactate, COR

    BIood samplcs  wcrc  collcctccl from an antccubital

vein  on  the  non-dominant  (teft) arm.  Blood  samptes  (6 mL
each)  were  obtained  30 min  betbre exercise  and  15 min  af

ter the  finish of  each  exercise  protocol. The  values  taken

15 min  post-exereise were  used  to assess  GH  and  COR  re-

sponsc  (3. 4, 24). Thc  blood samplcs  wcrc  incubatcd for 20
min  at  room  temperature  to pcrmit thcm  to clot,  and  then

centrifuged  for 10 min  at 3000 rpm, and  4℃ to obtain  se-

rum,  The  serum  samples  were  then  preserved at  
-80 ℃  un-

til analysis. Lactate (LA), GH, and  COR  lcvels in the

obtained  sera  were  then  measured,  The  increase in values

of  LA, GH. and  COR  eoncentration  between pre-and post-
exercisc  wcrc  dcfincd as  ALA.  AGI],  and  ACOR,  respec-

tiveEy. GH  and  COR  concentrations  -'erc  mcasurccl  by ra-

dioitnmunoassay, and  LA  concentration  was  measured

with  an  automatic  LA  analyzer  (YSI 2300 Stat Plus, Yel-
low Springs Instruments, OH. USA),

Statisticalana4,ses

    A]1 data were  expresscd  as  nicans ± SE. Exaininations

of  statistical signiticance  of the data among  thc cxercises

were  based on  one-way  analysis  of  variance  (ANOVA)
-,ith  a  Fisher's Protected Least Significant DifTbrence post-
hoc tcst. Statistieal significance  was  taken  as  p<O.05.

                    Results
Dtt7bienees in miisc'le  ox.vgenation  leL,et anvong  the three

e."'ercisepivtocols

    Changcs in HbO!,  Hb. T-IIb during the entire  experi-

menta]  process was  monitored  by NIRS,  and  Figure 1 illus-

trates a typical pattern. One minute  after  monitoring  began,
cutT  inflation was  completed  to interrupt thc oxygcn  supply

to the monitored  musc]e  area  and  detennine thc lowcst oxy-

genation value.  Thc cuff  was  then  re]eased.  A  few minut-

cs'  rcst  was  then  al]o",ed  to relicvc any  paralysis. and  a

-'arm  up  Iift was  then  performed scvera]  times. When  the

Hb02  level had returncd  to the stabilizing  point, the 5 sets

ot' exerciscs  with  15 s inter-set interva]s was  began. Figure
2 shows  typica[ changes  in the Itb02 and  T-Hb  during the
threc exercise  pretocots. In the usual  and  occlusion  proto-
cols.  brcath stopping  was  frequently observed  at the end  of

each  set. From thc obtalned  data. we  calculated  muscle

oxygenation  levels in cach  sct  of  excrcise  protocols {Fig,
3A). We  also  examined  the amptitude  of  muscle  oxygena-

tion change  during exercise  under  the  three protocols (Fig,
3B).

Changes in hvnnonat f'e.sponse  c{fret' thJwe  exEf}x/iseproto(/ols

    Figure 4 shows  ALA,  IXGH,  and  ACOR  with  each

exercise  protocol perforrned by 9 sub.jects.  Although we

found no  significant differences among  protocols in ALA
and  AGH  (Fig. 4A  and  4B). ACOR  under  the  ECE  proto-
col  tended  to be less and  was  significant]y  less than  under

the usua]  protoco] (Fig. 4C).

                   Discussion

    This is the first analytical  report  for ECE  tt'aining sys-

tem,  which  has been thought  to bc an  cffective  rcsistancc

training tbr niuscle  hypertrophy. This training method  was

first introduced with  the Japanese local body-builder com-

munity  and  thc ncws  of  its etTeetiveness  soon  spread  by
way  ofclcctronic  mailing  lists. Somc  voluntecrs  had tricd
this protocol. and  wc  confirmcd  its cfTbctiveness  in a  prc-
liminary study  (unpublished data). Hcre we  gathered seme

physiological data on  this ncw  training  mcthod.

    We  initially considered  that ECE  training  systcm  had
features of  hypoxia during movement,  because or  the long
cxha]ation  pcriod. We  assumed  that this was  a key factor in
this training mcthod,  and  therefore  used  the NIRS systein

to cxaminc  muscle  oxygcnation  lcvel during exercise  with

this and  two othcr  training  protocols. Thc inuscle  oxygena-

tion ievets with  the thrcc difTbrent pretoco]s ditTered from

each  other, but contrary  to our  assumption,  thc musele  oxy-

genation level during ECE  training  rcvca[cd  highcr oxy-

genation level than  with  the usual  and  occlusion  protoeols

(Fig, 3A). This was  surprising, but wc  considcrcd  that it
was  a result  of  the deep inhaling during the musclc  resting

pcriod. The  mean  ainplitude  of  the oxygenation  lcvct alsu

gave  evidence  for thc hypcrycnti]ation during exercise

(Fig. 3B). Moreover, it was  intcrcsting to examine  thc mus-

cle  oxygenation  level during exercise  under  thc oeclusion

protocol, which  had previously been described as a 
'`hy-

poxie condition".  In the first set,  the  oxygenation  lcvcl was

the lowest of  the three protocols, but in thc 4 successive

sets,  the oxygcnation  level was  e]ei"'ated  and  significantly

higher than  in the usual  modc  ef  cxercise.  It is tnie that hy-

perennia can  be observed  in the  clistal part ofthe  limb -,hen

venous  flow is occluded.  but the occlusion  prcssurc (--100
tnmHg)  was  not  high enuugh  to stop  the  arterja]  flow dur-

ing heavy r¢ sistancc  cxercise.  Therefore. frotn the gecond
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Fig.1Typical  muscle  oxygenutien  patte]'n during etbo-,  Ilcx cxercisc.  First ui'a]1,  calibrutlen  ol'  musclc  oxygc]iutiun  lcvcl was  cxceLitcd  as  tblluws. At'-

ter ] min  rest,  brachia] artery  ",as  occluded  until  the HbO:. Iei,el was  bettemed out.  This ]evel -'as  defined as  O`l'" und  resting  vulue  as  1OO']･'o. Sev-

eral warming  up  lifts were  allowed  to the sub.ject. und  when  the oxygenatien  lcvel stubitizcd, 5 sers ol' exeruisc  cxperimcnt,  including 4 Limcs  15

sec  inter-set intem,ul, began. LllbO!1, Lllbl, and  LTetal E[b] wcre  menitored  by N[RS  cnear-inl'rarcd spectrnscepy).  Changes  in oxyhemoglnbin

(i HbOi}. acexyhcmoglubin (tyHb), and  toLal hemoglebin <2LT-Hb) were  calculated  b.v the fo1loN-･ing equations/

:tHbO,=K･["OD  cg40 nm)  
'C).66AOD

 (760 nm)1

iHb=-  K･ [O.80AOD (760 nm)-O,59iOD  (g40 nm)]

AT-Hb=K･rO.41iOD  (g40 nm)+O.]4AOD  c760 nm)]

AOD  is the change  in optical  density. Black line: LHbO,.1, dotrcd linc; LHb] and  gray  lhie: [Total [lb].

sct  onwards,  the blood pressure presumably  overcame  the

occlusion  pressure and  oxygenated  blood entered  the upper

arm  muscte.

    To our  know]edge,  the et}lects  ofhyperventilation  dur-
ing exercise  have not been investigated, and  bccausc wc

cons{dered  that hypervcntilation was  a key factor in the

new  training protoeol, NN'e tirst measured  serum  LA  (Fig.
4A), which  is usually  arisen  by heax,y resistance  cxcreisc.

Occtusion during ]ow-{ntensity exercise  restrictcd  thc

blood circulation  and  the resulting  hypoxic and  LA-arisen
acidjc  intramuscular environmcnt  would  have induced ad-

ditionat motor-unit  recru{tmcnt  to inaintain  the given level
of  force, thereby  cvoking  an  increase in the electrical  activ-

ity of  the muscle  (25). The  ECE  training method  raised  thc

LA  lcvcl almost  as high as that obsen,ed  in resistancc  train-

ing (23), or  in occtusion  training (26). so  it could  be said

that thc votunteers  aceomplished  heavy resistance  cxercisc

in each  protoco[.

    High-jntensity, hcavy rcsistance  exercise  is weH

known  to induce a  high-lcvcl acute  GH  response  (4). It has

been  suggested  that an  exercisc-induced  acute  increase in

seru]n  GH  eonccntration  may  be a  response  to central

stimulation  by brain motor  center  activity (16) andfor  to

ehanges  in acid-base  balance within  the loaded muscles  via

afibrent feedback fi'om peripheral chemoreceptors  (9). We

detected GH  elevation  with  all three protocols (Fig, 4B),

and  the levels of  GII were  eomparablc  to thosc rcported

prcviously in hcavy rcsistancc  training (23), Significant dif-

fercnccs in GH  level between the occlusion  and  usual  pro-
tocols were  not  observed.  although  a  290-fold elevatien  of

GH  with  occlusion  has been reported  prcviously (24). This
diserepancy could  be relatcd  to mcthodologica[  differences

(ann vs. Ieg) between studics  or  short  time  hypoxic condi-

tion found in this study  could  not  induce drastic hormonal
rcsponse  in spite ol' occlusion  mode  ofexercise.

    COR  is a  representative  eatabolie  hormonc and,  gcner-
ally,  heavy rcsistance  exercise  has been reported  to in-

erease  COR  concentration  (4, 19, 27. 28). Physical training
rnay  have a difTk)rent impact on  circulating  COR  concentra-

tion.  Soinc studics  have reported  a  decreased basai COR

conccntration  fo11owing a  period of  endurance  training

(28) or  by low volume  resistance  exercise  (17). Increases
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'
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     ox.vgcnation  cB} amung  thrcc mudcs  ut' cxercise. Data 1'rom

     Fig. 2 arc  analyzcd.  All values  arc  mean ± SE, Closed sguure:

     Usual mode.  eloscd  circlc/  occlusien  modc,  und  closed  trian-

     gle; EC'E modc.  
'/

 Significant dM'crcncc Cp<O.OS)  amung

     each  of  three  modes  of  exercise.  S; Signiiica]it dii'i'erence

     (p<O.e5) bctw'een both usuat  and  OCC.  usual  and  ECE

     modes  ei' cxcrcise. 1'/ Signitlcanl difference {p<O.05} be-

     twecn  bol'h F.CE and  usua],  ECE  and  OCCr n]odes  of  exercise.

in serum  testostcronc  lcvels and  decreases in senim  COR
associated  with  increased strength  have bccn reportcd  dur-
ing car]y-phase  adaptations  to heavy-resistance training

(14). Howcvcr,  cxeessively  strenuous  exercise  training  is

like]y to cause  an  increase in COR  concentration,  althous,h

it has been suggested  that decreased COR  conccntrations

provide more  faverable conditions  for reduced  fiber pro-
tein dcgeneration or increased protein synthcsis  (17). We

observed  that COR  production in ECE  training was  the

lowest among  the three exercisc  protocols (Fig. 4C), which
means  that this (raining mcthod  is an  idea] protocol tbr pro-
ducing tnusele  hypertrophy.

    Resistance  exercise  with  occlusion  is interesting froni

a physiologieal view  point. but this protocol can'ies  limits

and  risks for ordinaTy  people: that {s. 1) applied  only  for

the arrns  and  iegs becausc of  indispensablc oeclusion;  2) a

special  device and  detailed instructions arc  esscntia]  ft}r

propcr use  of  this methodology;  3) during exereisc  wi(h  oc-

clusion, the traincc fecls relatively  strenuous  pain from  the

hyperemia, and  subcutancous  bleeding is sometimes  ob-

scrvcd  at  dista] to the ocelusion:  and  4) both microdamagc
to the  blood vessels  and  subtle  changcs  in blood tlow possj-
bly stimulatc  thrombosis  and  may  cause  thrombus  forma-
tion by ischcmia-rcpcrfusion. On  the  other  hand, the  ECE

training protocol has the tbllowing charactcristics/ 1 ) lt can
be applied  to cvcry  muscle  in the body; 2) no  special  de-

viee  is nccded;  3) continuous  breathing prevents the  tran-
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Fig. 4HormonaT  response  by three  mode  ot' exercise. Increasing i,alues in serum  lactate cA), growth hormone  (B). and

cottisol  (C} was  depicted. AIT values  are  niean ± SE  (n-g). Asterisk {") indicates the sig.niticant  ditl'erence be-

tween usual  ancl  ECE  mode  el'  exercise  (p<O.05).

sient  hypertension caused  by constrained  rcspiration;  4)
hypertrophy-erientcd rcsistancc  training can  bc accom-

p]ished cvcn  with  a rclativcly  light wcight  indicating that

it cnablcs  isolation oi' thc targeted  muscle  and  can  be per-
formcd  even  ifthe joint involved is not  in good condition;

5) it induces a  burning feeling very  rapidly  (within 4 or  5
sets), making  it a time-saving fonn of training.

    Here  we  shoi-'  the evidences  that the ECE  training

protocol is possibly a potent train{ng method  for inducing
muscle  hypertrophy. Although  GH  production was  almest

the same  with  other  methods.  it significantly  rcduccd  COR

production. concomitant  with  higher oxygena(ion  in skele-

tal musclc.  In a fttture study  ",e would  ]ike to eluc{date  the

molecular  events  that occur  during hyperventilation with

cxercise.
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