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                  Abstract

HIGASHIURA,  T., NISHIHIRA, Y., KIM, S.-R., HAYASHI,  K., HAY-

ASHI, Y,, HATTA,  A. and  KUROIWA,  K., Changes in Cognitive
Function, Response Preparation, and  Arousal Level Followjng

Moderate Exercise, Adv, Exerc. Sports Physjol., Vol,15, No,1 pp,
9-15, 2009, The aim  ofthis  study  was  to investigate the patterns
of changes  in cognjtive function, responsc  prcparation, and

arousal  levcl fo11owing moderate  exercise using tlie event-related

bra{n potentials (ERPs). In the excrcise  condition,  14 participants

C24,2 ± 1.3 yrs) performed a GolNoGo  reaction  time  task befbre

cycling  (pre-exercisc), imrnediately after  (post-cxcrcise 1), and  aP

ter their esophageal  temperature  (Tes) and  hcart ratc  (IIR) had re-

tunied to pre-exercise values  (Post-exercise 2), Exercise was

modcrate  intcnsity C65% maximal  HR)  for 30 min.  in the contrel
condition,  panicipants performed this task at  equa]  intervals, as  in

thc cxercisc condition. Go P3 amp[itude  at post-cxercisc 1 wus

significantly  largcr than that ofpre-exercise,  NoGo  P3 amplitude

was  increased at post-exercisc 1 comparcd  te pre-exercise and

post-exercise 2. The pattern of changes  in early contingent ncga-

tive variation  (CNV) amplimde  was  gimiLar  Lo NoGe  P3. These re-

sults indicate that the facilitation of  cognitive function fo]lowing

modcrate  exercise  is caused  by the exercise-induced  arousal  lev-
el, and  docs not  last long in the excreise  protocot used  {n this
study. In addition,  the incrcases in 1axe CNV  amplitudc  werc  ob-

served  at post-exercise [ and  post-exercise 2 compared  to pre-ex-
crcise.  This finding suggests  that response  preparation facilitate
after moderate  exercjse, and  rnay  represent  sensitive to acute

cxerelse.Keywords:

 cognitive  function, response  prcparation, arousal  lev-

el, modcrate  excrcisc, event-rclated brain potcntials (ERPs)

                1. Introduction

   Tb date, many  iovestigators havc invcstigatcd the ee
fects of  acute  exercisc  on  brain function using  behaviora]
andfor  neuroeleetric  indices. ReccntlM ma.jority  of  studies

hav¢  cmployed  P3 component  ofan  event-related  brain po-
tential (ERP) to asscss  cognitive  function. P3  is gcnerally
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considered  to be a cognitive  neuroelectric  phenomenon
(31). The  theoretical interpretation of  P3 is that its latency

is rclated to the stimulus  classification specd  or stimulus

evatuation  timc (22). P3 amplitude  rcflccts the amount  of

attentional resources  devoted to a  given task  (37) and  con-

text updating  ofwotking  memory  (7).
    Several studies  suggested  that the dccreascs in P3 la-

tency andler  the increases in P3 amplitude  were  observed

immediately after acute  excreisc  (18, 19, 20, 26), and  afier

hcart rate (HR) had returned  to pre-exercise values  (15,
24). It was  considered  that the changes  in ?3 after  moder-

ate exercise  were  caused  by exercise-induced  arousal  level

(17), On the other  hand, Yagi et  al. (38) observed  the de-

creases  in P3 latency and  amplitudc  during moderate  exer-

cise but no  changes  in P3 latcncy and  amplitude  at post
excrcise. Grego et al. (12) also  showcd  no  changcs  in P3 la-

tency and  amplitude  at post exercise  (O and  15 min  after ex-

ercise)  whercas  thc increases in P3 latency (10S and  144

min  from the beginning of  the acute  exereise)  and  ampli-

tude (72 and  108 min)  during moderate  exercise.  The re-

su]ts of  previous studics probably wcre  inconsistent
because of  the differences in methodolegical  factors (e,g.
the intensity and  duration ofphysical  exercisc, thc nature

of  the cognitivc  tasks, and  thc timc at which  the psycho-
logical task was  administcred  to thc subjccts). Thus, it is
unclear  about  the patterns of  changes  in cogriitive function
caused  by cxercise-induced  arousal  levcl aftcr  acute

exerclse.

    It is possiblc for a  GofNoGo  rcaction  time CRT) task
to measure  cognitive  fUnction and  arousal  level together,
Moreover, response  preparution can  bc examincd  by this
task. This task consists  of  a warning  stimulus  (Sl) and  an

imperativc stimulus  (S2), and  elicits NoGo  P3 and  contin-

gent negative  variation  (CNV) in addition  to Go P3 (above-
mentioned  P3). NoGo  P3 is generated in NoGo  trials, and

is associatcd  with  inhibitory response  and/or  cognitive

function (2, 3), CNV  appears  between Sl and  S2, and  is
separated  into early  and  late components.  It is known that

the early eomponcnt  is rclated to attention  andfor  arousal

level (32, 33), ancl  the late component  reficcts response
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preparatien (34, 35).

    In IU] studies, some  investigators reportcd  that facilita-
tien of  response  preparation was  observed  during or  imme-

diately after moderate  exercise  (1, 9, 10), In EIU's studM
Kamijo ct  al. (17) showcd  that latc CNV  amplitude  in-

creased  immediately after moderate  exercise  for 20 min,  fn
regard  to the effects of  acute  moderate  exercise  on  re-

sponse  preparation, the findings are consistent, but the pat-
terns of  changes  in response  preparation after  exercisc  are

unknown.

    Thus, the aim  of  this study  was  to investigate the pat-
terns of  changes  in cognitive  function, rcsponsc  prcpara-
tion, and  arousal  level fbllowing moderate  exercise. We
hypothesized that the facilitation of  cognitive  function and
respense  preparation fo11owing moderatc  cxcrcisc  wcre  ob-

served  immcdiately aftcr  and  aftcr  their e$ophageal  tem-

perature (T,,) and  heart rate (HR) had returned  to pre-
exercise  values  exercise  because of  exercise-induced

arousal  level.

            2. Materials and  methods

2-1. Participantg

    14 right-handed  healthy males  participatcd in this cx-

periment. Participant characteristics are presented in Table
1. All participants previded an  informed consent  to the
study's procedures and  possible risks associated  with  this

experiment.  The appropriate  cornmittee  in the University

of  Tsukuba approved  thc expcrimcntal  protocols.

and  did reading  andlor  talking between post-cxcrcise 1 and
2. They cycled  at  load eorresponding  to 65%  HR..  for 30
min.  The  WR  was  adjusted  mechanically  to maintain  the

target HR  of  each  participant. The pedaling rate was  kept
at  60 rpm.  Physiological parameters (T,, and  HR)  wcrc  rc-

corded  every  minute  during thc cxperiment.  Rating of  per-
cciv ¢ d cxhaustion  (RPE) and  WR  were  captured  every

minute  during exereise. RPE  values  were  recorded  using

thc Borg  scalc  4). In the centrQi  condition,  participants per-
fbrrned this task at equai  intervais, as in the exercise  condi-

tion. Physiological parameters were  recoTded  every  Tninute

through the experiment.  ln regard  to the sevcn  participants
who  performed the control  condition  first, time to T., and

HR  recovery  after exercise  was  previously measured  by
the exercise  protocol used  in the exercise  condition.

2-3. Go!?VoGo RTtask

    The  GofNoGo  RT  task, which  consisted  of  a  warning

stirnulus (Sl) fo11owed 2 s later by an irnperative stimulus

(S2), was  used  to eiicit  ERPs. A  binaural 2,OOO Hz  tone (5
ms  rise/fa11, 50 ms  plateau, 6e dB SPL) was  used  fbr Sl.
For S2, green and  red  LEDs  (duration: 200 ms)  at  thc fixa-

tion point 1 m  in fi'ont ofparticipants  appeared  randomly,

with  both colors  appearing  with  the same  probability. They

were  instmcted to press a button with  their thumb as  fast as

possible {n response  to the grccn LED, but were  told net to

respond  to the red  LED. The inter-trial interval was  10 s,

and  the task duration was  about  13 min,

Age(yrs)

  Table 1. Participant characteristics (n =  14)

Agerange  Height Bodyweight  Maximal Maximal

  (yrs) (crn) (kg) oxygen  uptake  heart Tatc

                        Cmllminlkg) (bpm)
242+L3  19-36 170.9 di Ll 67.7 ±-2.6 48.4± L6 186.6± Ll

Xlalues are the  rneans  ± S.E.

2-2, Procedumes

    This experimcnt  was  conducted  in a room  at a con-

stant  ambient  temperature (24-25 
OC).

 Prior to this experi-

ment,  participants perfbrmed a graded exereise  test (GXT)
using  a  cycle  ergometer  to measure  their maximal  oxygen
       -
uptake  (V02..,) and  HR  (HR.,.). During the GXT,  the

work  rate (WR) was  increased by 15 Wlmin. More than 4

days after the GXT,  cach  panicipant curried out  the exer-

cise  condition  and  control  condition  (no cxcrcise). The  two

conditions  were  randomly  conducted  on  a different day,
with  an  interval of  at  least 4 days. All measurements  wcre

conducted  at the same  time of  day in each  participant, In

the exercise  condition,  ERPs  were  eollected  befbre cycling

(pre-exercise), immediately after  exercise  (post-exercisc
1), and  after  both their esophageal  tempcrature (T,,) and

HR  httd returned  to pre-exercise values  (post-cxcrcise 2),

Participants wcre  seated  comfbrtably  cxccpt  when  eycling,

2-4. Recordingy

    EEG  activity wa$  recorded  with  AglAgCl electrodes

from five electrodes  positioned at Fz, Cz, Pz, C3, C4 ofthe

International 10-20 Systcm, which  wcrc  rcfercnced  to

linked eurlobes,  The electrooculegram  (EOG) was  re-

eorded  using  a pair of  surface  electrodes  above  and  below
thc right eye,  The EEG  and  EOG  activities  were  amptified

with  a time constant  of5  and  O.3 s, respectively,  and  a

high-cut filter of  120 Hz. An  electromyogram  (EMG) was
reeorded  using  a  pair of  surfacc  clcctrodcs  on  the right-

hand flexor pollicis brevis muscle.  EMG  activity was  am-

plified with  a  time constant  of  O,03 s  and  high-cut filtcr of

120 Hz. The sampling  rate of  digitalization was  500 Hz.

The analysis  period of  P3 was  700 ms  including 100 ms

prc-S2. EEG  samples  were  averaged  for Go  (targct) stimu-

lus and  NoGo  (non-targct) stimulus,  respectively, Go and

NoGo  P3  were  designated as  the largest positive-peak be-

tween 250 and  500 ms  post-S2. Thcir amplitudes  were

measured  relative to thc 100 ms  pre-S2 baseline, and  peak
latencics were  defined as the time point ofmaximum  posi-
tive arnplitude.  The  analysis  period of  CNV  was  3000 ms

including 500 ms  pre-S1 . EEG  samples  were  averaged  for

Go  and  NoGo  stimulus,  respectively, CNV  amplitude  was

measured  relative to the 500 ms  prc-Sl baseline, We  used

the wavcfonn  of  summed  Go and  NoGo  nials after  being
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averaged.  The mean  amplitudes  during thc 500-1OOO rns af
ter Sl (early CNV) and  during the 500 ms  until onset  S2

(late CNV)  were  calculated  with  an averaged  CNV  The

electromyographic  reaction  time  (EMG-IU') was  rneasured

as thc time from S2 onset  to a sharp  increasc in EMG
bursts. Trials with  eye  blinks, movcment  (rejection lcvels:
± 50 pV), and  response  errors were  excluded  from these
analysis.

2-5. Stratistical anaCrsis

    [rXvo-factor (Phasc x  Condition) analysis  of  variance

(ANONLPL) with  rcpeated-measures  was  applied  to EMG-
RT. Four-factor (Phase × Condition x  Electrode Site ×

Stimulus) ANOVA  with  repeated-measures  was  applied  to

P3. CNV  was  analyzed  with  three-factor (Phase × Condi-

tion ×  Electrode Site) ANOXLA  with  repeatcd-measurcs.

The Greenhouse-Geisser epsilon was  used  to adjust  the dc-

grees of  freedom when  sphericity  was  violated. Post hoc
ana]yses  were  conducted  using  rcpeated  t-test or  Tukey's
HSD.  The significancc  level was  set at p<O.05. Results

are given as means  ± S,E,

                   3, Results
3-1. Pirysiological ckita, RPE, cind  WtR

    Tbblc 2 shows  the mean  RPE  and  WR  during excrcise
in addition  to mean  T., and  HR  in both conditions.  It was

mean  27.4 ± 2.1 min  until the T,, and  HR  had returned  to

the baseline levcl after  excrcise,

3-2, EMG-RT

    No  significant main  effbcts er  interactions werc  ob-

served  for EMG-IUi  (Table 3).

Tablc 2. Physiologieal data (T,, and

      conditlons  <n --, 14).

      
''

 (lomtrol l

HR), RPE,  and  WR  in both

3-3. P3 latenq, and  ampJitude

    Fig. I shows  grand-averaged wavefbrms  of  P3 elic-

ited by the Go  and  NoGo  stimuli  in the exercise  condition.

    A significant effect fbr Stimulus was  fbund fbr P3 la-
tcncy {F (1, 13)=11.42, p=O.O05}. Post hoc analysis  of

Stimulus indicated that NoGo  P3 latency was  longer than

that of  Go P3 at all electrodc  sites in both conditiovs.

    Significant efibcts  ofPhase,  Elcctrodc Site, and  Stimu-
lus were  found for P3 amplitude  {F (2, 26);3.65, p=
O.040, F (4, 52)=25,37, p<O,OOI,  F (1, 13)=8.78, p=
O.Oll, respectively}.  Furthermore, the Phase × Condition
interaction was  observed  {F (2, 26)= 7.71, p==O.020}.

Follow-up analysis  fbr Phase × Condition indicated that

Go P3 amplitude  at  post-exercise Hncreused compared  to

that of  pre-exercise only  in the exercise  condition  (Fig. 2

A). Also, NoGo  P3 amplitude  at post-exercise 1 was  largcr
than that of  prc-cxercisc and  post-exercise 2 (Fig, 2B).

Moreover, an  Electrode Site × Stimulus interaction was

also  observed  {F (4, 52)=23.872, p<O.OOI}.  Follow-up

analyses  fbr Elcctrode Sitc x  Stimulus indicated that NoGo
P3 showed  a  more  anterior  distribution relativc  to Go P3 in

----- Pre-exercise  Post-exercisel ･･-.--･ Post-exercisc2

          {lo triai NeGe trial
 Fz F2

Cz

Pz

.t/ttttttttt/t/.,ttttttt..ttttt/.tt･11/-t,.t,-t･t,,,,"ttttttt/ttigxGoP3
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 Tci(℃)HR
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± O.03
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 6Ll ± 2.0

Pre-excrcisc . Post-cxcrcise

   36.73± O.03

    61.9 i l.8
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z
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± O.03

 60.S l  1.937.11

 ± O.e7

121.7 }i O,836.82
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 62.1 t 1,9
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XlaIues are  the mcans  l  S,E.

Tbble 3. EMG-RT  in both cenditions  (n .
 [4),

C4

-E. tyIG"RT (msJgontrol

 I Contrel 2 Control 3

223.39 ±.g.04 223.59 ± 8.65 221,59± 9.10

t/,..tt
 

･･tt't'

 j'

Pre-exercisePost-excrcise  l Post-exercise 2

EMG-RT  (ms) 221.6 ± 8,04 218.03± 9.11220,94  l  8.34

Vlalues are the means  I, S.E,

   e, e, sutl

                                           1-oo-ms

Fig, [ GTand-avcrage wavefonms  oE  P3 elicited by C]o and  NoGo  tri-

     als from all electrodc  sites  fbr exercise  condiLion  Cn = 1 4),
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Controleondition

Exercisecondition

(A) Go P3 amplitude (B) NoGo  P3 amplitudc

(llv)30

20

10

Fjg. 2

.tt..t
  Pre- Post- Post-

 exercise exercisel  exercjse2

(Control l) (Contro12) (Ccmtro[3)

("v)

30

20

10

:r: *

  Prc-

 exercise

(Control 1)

  Pest-exercise
 l

(Controi 2)

  Post-exercise
 2

(Control 3)

The Phase x  Condition inleraction was  obsen,ed  fbr P3 uinplitudc  {F (2, 26) =  7.71, p=  O.020) .

(A) Mean  Go  P3 amplitude  for centrut  und  exercise  cenditions  (n = 14). Go  P3 ampliLude  "t  post-cxcrcisc 1 in-

creased  compared  to that ofpre-exercise  only  in thc exercise  condition.

(B) Mean  NoGo  P3 amplitude  for control  and  exereise  condiLiolls  (n =- 14), NoGo  P3 amplitude  ut post-cxcrcisc

1 was  larger than thaL of  pre-exercise and  post-exercise 2.

Bars reprcscnt  mcans  (SE), 
*p<O,05:

 cxcrcise  conditioll,

both conditions. ""'  Pre-exer:isc Post-exercise1 Post-exercis:2

3-4. Early and  tate CArVanlplitude

   Fig. 3 shows  grand-averaged wavefbrms  of  CNV  in
the exercise  condition.

    The main  effbct for Phase and  Electrode Site on  early

CNV  amplitude  was  significant  {F (2, 26)=5.29, p=
O,O12, F (4, 52) =7.82,  p<O,OOI, respcctivcly}.  A  Phase ×

Condition interaction was  also  obscrved  (F (2, 26)=3.85,
p =

 O.034}, with  fo11ow-up analysis  revealing  a larger early

CNV  amplitude  at post-exercise 1 relativc to that ofpre-ex-

ercise and  post-cxercisc 2 only  in the exercise  condition

(Fig. 4 A). Early CNV  arnplitude  was  maximum  at  Cz  in

both conditions,

    The  main  cffbct  for Phasc and  Electrode Site on  latc

CNV  amplitude  was  significant {F (2, 26)=6,12, p=
O.O07, F (4, 52) =  14.22, p<O.OOI, respectively},  A  Phase ×

Condition interaction was  also observed  {F (2, 26) =
 4.29,

p= O.025}, with  fo11ow-up analysis  indicating larger late

CNV  amplitude  at  post-exercise 1 and  2 compared  to that

of  pre-exercisc only  in th¢  exercisc  condition  (Fig. 4 B),

Late CNV  amplitudc  was  thc largcst for Cz.

                4. Discu$sion

    Recently, many  researchers  have attcmpted  to explain

the effects ofacute  exercise  on  brain function using  behav-
ioral andfor  ncuroelectric  indices, However, inconsist¢ nt

findings were  induced by several  methodological  factors.
Thjs study  focused on  the patterT]s of  changes  in cognitive

function, responsc  preparatien, and  arousal  lcvcl fbl]owing

acute  mederate  exercise,

Fig. 3

Fz

.ttlt.tttttttttt't.t.tt.v....za,F.tt'
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ctt en.tttttv.t･･ttt.t..ttt
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ASI As]
10"V

  +5001-s

Grand-average waveft}rms  ot' CNV  from all electrode  sitcs for

exercise  condition  (n =  14),
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 Control condition

+  Excrcisecondition

(A) Early CNV  ainplitudc (B) Late CNV  amplitude

(uv)

 -5

 -4

 -3

 -2

 -1

  o

( ll v)-IO *

* *

r"T  "

-5

o

T
    *fi

       ...L.
  Post-exercise1

(Control 2)

.)
  Post-exercisc

 2

(Control 3)

  Pre-

 exerclse

(Control 1)

--J･･..
  Pre- Post- Post-

 exercise  exercisel  cxereise2

(Control l) (Contro1 2) (Contro1 3)

Fig.4(A)  Mean early  CNV  amplitude  for control  and  exercise  cenditions  Cn =  14), A  Phase x
 Condition

interactien was  alse observed  {F (2, 26)=3.8S, p=O.034],  with  fo11ow-up analysis  Tcvealing  a

larger early  CNV  uillp]itude  at post-excrcise 1 rclative to thut of  pre-cxercise and  posL-exercise 2

only  in the cxercise  condition.

(B) Mean  late CNV  amp[itude  for control  aiid cxercise  conditiuns  (n = 14). A Phase x  Cendition in-

teraction was  also obse-'ed  {F (2, 26) = 4.29, p 
=
 O.025}. with  follow-up analysis  indicating ]arger

late CNV  ampljtude  at post-exercisc 1 and  2 compaTed  to that ofpre-excrc{se  only  in thc exercise

condition,

Bars reprcscnt  means  {SE). *p<O,05/
 exereise  conditien.

    EMG-R]F, Go  and  NoGo  P3 latency were  not signifi-

cantly  different among  the three recording  phases in this
study. RT  can  be decomposcd to include components  such

as  stimulus  cvaluation,  response  selection, and  rcsponse

execution  (8). Go  and  NoGo  P3  latency refiects temporal

aspects  of  cognition,  such  as stimulus  classification speed

or  stimulus  evaluution  time (22). Thus, these  rcsults  may

imply that thc exercisc  protoeol used  in this study  did not
affect  temporal aspects  of  inforrnation processing such  as

stimulus  evaluation  timc, response  selection, or response

cxecution,  Howeyer, it was  diflicult to clarify the effects of
acute  exercise  on  RT, Go  and  NoGo  P3  latency from the re-

sults of  this study  alone. Chodzko-Zajko (5) suggested  that

cognitive  tasks which  require  effortfu1 processing should

be more  sensitive to the cffects of  excrcise  than tasks

which  can be pcrformcd without  or with  minimal  attention.

Hillman et  al. (15) and  Kamijo ct  al. (20) also  showed  that

shorter  P3 latency after exercise  was  observed  fbr more  dir
ficult tasks. Thereforc, to gain a bctter understanding  of  the

cffects  of  acutc  excrcise  on  temporal  aspects  of  infoiina-
tion proccssing in thc CNS, it is neccssary  to examinc
them furthcr using  psychological tasks ofvarying  dienculty,

    Go  P3 amplitudc  at post-cxcrcisc 1 increascd com-

pared to that of  pre-exercise. When  comparcd  with  the pre-
cxercise  and  post-exercise 2, NoGo  P3 amplitude  was  sig-

nificantly  incrcased at  thc post-exercise 1, Go P3 ampli-

tudc is Telated  to the amount  of  attentional resources

devoted to a given task (37) and  context  updating  efwork-

ing memory  (7). NoGo  P3 amplitude  refiects neural  activ-

ity associated  with  inhibitory response  andfor  cogriitive

function in the frontal lobe (2, 3). Thus, the results of  this

study  suggest  that acute  moderate  exercise  for 30 min  fa-

cilitates cognitive  function in the CNS; howcver, thc facili-
tative effects do not  last in the cxercis ¢  protocol used  in

this study. In this study, thc pattern of  changes  in early

CNV  amplitude  was  similar to NoGo  P3 amplitudc,  In par-
ticular, early  CNV  amplitude  in the frontal lobe is related

to arousal  level (32, 33). Therefore, our  results suggest  that
arousal  lcvel is variable  irnmcdiatcly aftcr  acute  exercise,

and  it may  be that Go  and  NoGo  P3 amplitude  is affected
by these changes.

    Although thc mcchanism  ofchanges  in Go and  NoGo
P3 amplitude  caused  by excrcise-induccd  arousal  level is
uncertain,  one  possibility is brain neurotransmitter  effbcts

(28). The noradrenergic  (NA) nucleus  Iocus coeruleus

(LC) is phasically activated  by a variety  of  arousing  or

alerting  stimuli, and  prejects into many  brain regions  in-
volved  in Go  and  NoGo  P3 generators, e.g., the fi'ontal cor-

tex (27), hippocampus, amygdala  (t3), and  thalamus (39).
Some  monkey  studies  confimmcd  that Go P3-like amplitude
increascd aftcr  administration  of  noradrencrgic  agonist

(29), but decrcased when  using  antagonist  (30). Therefbre,
it is speculatcd  that the NA-LC  system  is conccrned  with

phasic changes  in Ga and  NoGo P3 amplitude  immediately
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after acute  moderatc  cxercise,

    On the  othcr  hand, Hil]man et  al. (15) and  Magni6  ct

al, (24) observed  that P3 amplitude  increased after partici-

pant's oral  temperaturc or  IIR rettirned  to baseline (about
48 and  60 min  post-exercise, respectively),  We  thought

that this discrepancy may  be induced by diffbrcnces in cx-

ercise intensity. Hillman et al. (15) and  Magnie et al. (24)
used  high intensity cxercise  (83.5% HR... and  maximal

GXT,  respectively),  but excrcise  intensity was  65%  HR...
in this study. Exercise intcnsity is onc  of  the key factors
modulating  cerebral  blood flow, brain metabolism  (16) and

brain ncurotransmitter  lcvels (11), which  affect cognitive

function and  arousa]  lcvcl. Thus, fUrther studies to investi-

gate the relation$hips  between exercise  intensity and  time-

course  of  cognitive  imction and  arousal  level will  be nec-

cssaTy  to resolve  this discrcpancy.

    The incrcases in latc CNV  amplitude  were  observed

not  only  at  post-exercise 1 cempared  to pre-cxercise but
also post-exercise 2. In the case  of  response  te stimulus,

latc CNV  is overlapped  by readiness  potential, a  slew

wave  brain potential rccorded  prior to sellpaced  meve-

ment  (2i). So late CNV  amplimdc  is related  to rcsponse

preparation (34, 35). The resutts of  this study  suggest  that

acute  exercise  affects  response  preparation in addition  to

cognitive  function. The  increascs in late CNV  amplitude  at

post-exercise 1 can  be explained  by exercisc-inctuced

arousal  level as  wcll  as  Go  and  NoGo  P3 amplitude  be-

cause  they arc affected  by changes  in aTousal  level (25).
}Iowever, thc larger late CNV  amplitude  at  post-exercise 2

can  not be exp[ained  by changes  in arousal  level. The gen-
¢ rators  of  latc CNV  are  diiferent from those of  Go  and

NoGo  P3, and  involve motor-related  areas  such  as the pri-
mary  sensorimortor  cortex,  supplementary  motor  area, and

prcmotor area  (14). Thesc areas  are  directly assoeiated

with  exereise,  and  activate  during cycling  (6). Thus, late

CNV  may  be rnore  sensitive  to excrcise  although  the  timc-

course  efregional  bTain activation  after exercise  is unclear

from this study, However, it {s necessary  to investigate the

effects of  exercise  on  response  preparation fUrther using  in-

djces rcficcting  motor  processing, e,g, movement-rclatcd

cortical potential, in thc CNS  bccause [ate CNV  is also  as-

sociated  with  the anticipation  of  the response  stimulus  (23,
36).
    In eonclusion.  it is indicated that the increases in Go

and  NoGo  P3 arnplitude  are concomitant  with  the excrcisc-

jnduced arousal  leve] immediately aftcr acutc  cxcrcise,  and

may  not  persist in the exercise  protocol used  in this study.

MoTeoveg the increases in late CNV  amplitude  were  ob-

served  not  only  at post-exercise 1 compared  to pre-exer-
cise but also post-cxcrcisc 2. This finding suggests  that

response  preparation facilitate after  acute  moderate  exer-

cise, and  may  represcnt  scnsitive  to acute  exercise.
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