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               Abstract
ISHIKURA,  K., MIYAZAKI,  T.  RA,  SG. and  OHMORI,  H. The

Ameliorating Effect of  Branched-chain Amino  Acids lngestion on

Different Types  of Muscle  Soreness after  Swimming  and  Full-

marathon  Running. Adv. Exere, Sports Physiol., Vol.20, No.1

pp.9-17, 2014.  The  effbctiveness  ofbranched-chain  amino  acids

(BCAA) ingestion on  delayed onsct  muscle  soreness  (DOMS) has

becn established  in experimental  exercise  involving eccentric  con-

traction (ECC). This placebo-controlled, randomized,  double-blind

study  eva]uated  thc  effect  of  BCAA  ingestion on  two  typcs of

muscle  soreness  after  swimming  (which genera]ly involves little
ECC)  and  immediate enset  muscle  soreness  (IOMS) after  a fu11-

marathon  and  en  systemic  fatigue. Subjects were  32 swirnmers

competing  in a  university  swim  meet  and  22 non-prefessional  run-

ncrs  participating in a ftill-marathon race,  They  receiyed  either

3.2g of  BCAA  or  placebo  three times  a  day, ftom thc day before to

two  days after  their events.  Systemic fatigue and  soreness  in mus-

cle  regions  (seven regions  in swimmers,  six  in runners)  werc  cval-

uated  using  a  numeric  rating  scale  before, immediately after, and

one  and  two  days after  the events.  In the swimmers,  muscle  sore-

ness  in the upper  body (ncck, upper  arrn,  back, and  low  back),

buttock, and  thigh  and  systemic  fatigue wcre  significantly  de-

creased  after  two  days in the BCAA  group. In the runners,  IOMS

occurrcd  in all examined  regions  immcdiatcly after  the marathon,

and  BCAA  ingestion significantly  decreased both muscle  soreness

in the  anterior  thigh, anterior  lower leg, and  buttock and  systemic

fatigue within  two  days, This study  showed  the cffk]ctiveness  of

BCAA  ingestion on  improving systemic  fatigue, muscle  sorcncss

after  swimming,  and  IOMS  after  a  fu11-marathon, On  thc basis of
these  results,  it is prepesed that BCAA  supplements  can  be admin-

istered to ameliorate  muscle  soreness  and  fatigue induced by vari-

oustypesofexercise.
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              lntroduction

   Branched-chain  amino  acids  (BCAA; valine,  leucine,

and  isoleucine) are  the main  amino  acids  contained  in skel-
etal rnuscle  protein, and  play many  nutritional  and  func-
tional roles.  They  serve  as  an  energy  source  during exercise

(20) and  a  signalling  factor in protein synthesis  (1,6,11,26),
and  are  involved in deammoniation  (29) and  anti-infiamma-

tory/immune  responses  (4,14,17). In addition,  many  studies

have reported  inhibitive effects  of  BCAA  ingestion en  exer-

cise-induced  delayed onset  muscle  soreness  (DOMS) that

peaks 24-72 hours after the exercise  (10,23). For example,
BCAA  ingestion before squat  exercise  in female  college

students  significantly  decreased DOMS  experienced  two or

three days after the exercise  (23), and  continuous  BCAA  in-

gestion from  immediately before to two  days after  the exer-

cise significantly  inhibited DOMS  induced  by  eccentric

knee extension  (1O).
   Most  studies  reporting  the effectiveness  ofBCAA  in-

gestion on  DOMS  have focused on  DOMS  caused  by ex-

perimental exercise  invelving eccentric  muscle  contraction

(ECC) (1O,23). DOMS  is characterized  by its occurrence
after unusual  exercise  or  ECC  (3,7), appearance  approxi-

mately  24 hours afier  exercise,  peak  soreness  between 24
and  72 hours after, and  dissipatien 5-7 days after  (3). The

exact  mechanism  of  DOMS  is not  known, but is speculated
to involve damage  to skeletal  muscle  and  connective  tissue

u]trastructure  caused  by excessive,  extended  musclc  load-

ing from  ECC,  and  subsequent  activation  of  immune  re-

sponses  (3,13,24). However,  DOMS  is occasionally  eb-

served  in some  exercise  motions  that involve little ECC.

For example,  most  swimmers  have experienced  DOMS

when  increasing their training load, despite the fact that the
main  muscle  contraction  pattern in swimming  exercise  is a
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concentric  muscle  contraction  against  the resistance  load of
the water  (19). One suggested  explanation  for this is exer-
cise-induced  fatigue, with  DOMS  caused  by overextension

of  the skeletal muscles  due to fatigue-induced decrease in

muscle  strength  and  abnormal  pattems of  muscle  contrac-

tion andlor  relaxation  (18).
    In addition  to DOMS,  other  types of  exercise-induced

muscle  soreness  exist,  such  as  immediate onset  muscle

soreness  (IOMS), which  occurs  earlier than DOMS,  imme-
diately after exercise  (9,27,28). IOMS  is frequently ob-

served  in exercise  involving running,  particularly in long
distance running  such  as  the  marathon  event,  with  onset

sometimes  even  occuning  during exercise  (9,27,28). Vick-

ers  confirmed  that peak  muscle  soreness  occurred  irnmedi-

ately  after endurance  running  (mean 35 km), but occurred
two  days after  10 min  of  bench-stepping  exercise  (28).
Thus, the time course  of  exercise-induced  muscle  soreness

differs according  to cxercise  pattern.
    AIthough the effectiveness  of  BCAA  ingestion on

DOMS  experimentally  induced by exercise  is well  cstab-

lished (1O,23), its effectiveness  on  muscle  soreness  induced

by swimming,  which  involves little ECC,  and  on  IOMS  in-
duced by long distance running  is unknown.  Against this

backgrouncl, this study  investigated, in a randomized,  pla-
cebo-controlled,  and  double-blind manner  supplemented  by
fieldwork, the inhibitive efTbct  of  BCAA  ingestion on  di"
ferent types  of  exercise-induced  muscle  soreness  in corn-

petitive swimmers  fo11ewing a  regular  training  program and
in non-professional  fu11-marathon runners.

                    Methods
Subjects

    In Study 1, 32 healthy members  of  a  university  swim-

ming  team  who  participated in an  interuniversity competi-

tion held in August 201O were  recruited  to a  swimming  ex-

periment  and  randomly  assigned  to a BCAA

supplementation  (BCAA) group or placebo supplementa-
tion (PIacebo) group  before the competition.  Participant

data are shown  in Table I. There was  no  significantly  difL
ference in mean  age  between  the groups, and  both groups
were  predominantly male.  As participants' swimming  styles

could  not  be unified,  diffCrence in swirrmiing  style  was  not

considered  in this study. All swimmers  in this experiment

panicipated in the competition  with  keeping regular  train-

ing, however, the amount  of  training prior to the competi-

tion, was  not  checked  in the present study.

    In Study 2, 22 healthy non-professional  runners  who

participated in the 31st Tsukuba Full-Marathon held in No-
vember  2011 were  recruited  as  volunteers.  As  in Study 1,

the subjects  were  randomly  assigned  to the BCAA  and  PIa-
cebo  groups  before the  marathon.  Partieipant data are

shown  in [fable 2. Similar to Study 1 panicipants, there  was

no  significant  difference in mean  age  between  the two

groups; however, the mean  age  was  higher in Study 2 par-
ticipants than  in Study 1 participants. Both  groups were

predominantly male,  as in Study 1. Time taken to complete
the experimental  task  (goal time) in the BCAA  group was
shorter than in the Placebo group, but not significantly  so  (P
=O.07).

    After explaining  the  purpose  ancl  protocol of  these

studies  and  the subject's right to withdraw  at any  time, in-
fbrmed consent  was  obtained  from all  subjeets  in accord-

ance  with  the  Declaration ofHelsinki.

         BCAA  supplementation  regimen

    Both  studies  were  carried out in a placebo-eontrolled,
randomized,  and  double-blind manner.  In the BCAA  group
in both studies,  one  sachet  (4 g) of  BCAA-enriched  supple-

ment  (AminofeelO; It was  developed by a collaboration  be-
tween  Seikatsu Bunkasya Co. Inc., Chiba, Japan and  Ku-

rume  University School of  Medicine, Kurume, Japan.)
consisting  of  800 mg  valine,  1,600 mg  leucine, 800 mg  iso-

leucine, minerals,  and  vitamins  (12) was  ingested three
times  a  day for four days; specifically,  one  day before the
event, on  the day ofthe  event,  and  one  and  two  days afier
the event.  The  Placebo group in both studies received  a  pla-
cebo  (4 g) containing  a starch-based  preparation of  identical
caloric content  as  the BCAA-enriched  supplement.  The  Pla-

cebo  group fo11owed the same  regimen  as the BCAA  group.

         Assessment  of muscle  soreness

              and  systemic  fatigue

    Local muscle  soreness  and  systemic  fatigue were  as-

sessed  using  an  11-point nurneric  rating  scale  (NRS) rang-
ing from  no  pain [O] to the worst  pain ever  experienced  [1O]
(25). The NRS  sheet  was  selfcompleted  by participants on

the evening  befbre the event  (Pre), immediately  after the

event  (Post), and  one  and  two days after  the event  (day 1

fable ] , Participant data for swimmers/  Study 1 lbble 2, Participant data for futE-marathon runners:  Study 2

GroupN  Age  Sex Swimmingstroke

    (mean± SEM)  (M]F) (Fr:Fly:Br:Ba:IM)

GroupN  Agc Sex Goal time

    (mean ± SEM)  (M / F) (min: mean  ±  SEM)

Placebo 1620,5 ± O.411:58,4,3.1,O Placebo 1130.8 ± 3.910,1 262 ± 17

BCAA1620.5 ± O.312I46  1 6:2]1 BCAA1130.3 ± 3.07:4 225  ±  17

BC4A,  branched-chain amino  acids;  M; male;  E female; Fr,

freestyle; Fly, buttcdiy; Br, breaststroke; Ba, backstroke; IML

individual medley.

BCL4A, branched-chain amine  acids;  ML  male;  F, female; Goal

time, time taken to comp]ete  the experimental  task.
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and  day 2, respectively).

    Muscle  soreness  was  examined  in seven  body regions
in the swimmers  of  Study 1 (neck, upper  arm,  back. Iow

back, buttock, thigh, and  lower leg) and  in six body regions
in the  runners  of  Study  2 (anterior thigh,  posterior thigh,

anterior  lower leg, posterior lower leg, low back, and  but-
tock). The NRS  used  in both studies was  expressed  in rela-
tion to baseline (r-NRS). In Study 1, some  participants had
already  experienced  muscle  soreness  befbre the competition

due to keeping regular  training. Therefore, both the placebo
and  BCAA  groups were  further divided into subgroup;  ab-

sent (MS[-]) and  present (MS[+]) muscle  soreness  at  Pre
were  defined as  the NRS  score  off  2 and  )  3, respectively,

by referring  the report  of  Thompson  et  al. (25). The  area

under  the curve  (AUC) in the NRS  during the experimental

period (Pre to day 2) was  calculated  fbr muscle  soreness

and  systemic  fatigue. AUC  calculated  for the upper  body

(sum of  individual AUCs  fbr the neck,  upper  arrn,  back, and

low back) and  lower body  (buttock, thigh, and  lower leg) in
Study 1 and  for the thigh (anterior thigh,  posterior thigh,

and  buttock) and  lower leg (anterior lower leg and  posterior
lower leg) in Study 2 were  then calculated.

21o-1-2
a: Neck

[BxT] P.-O.067 t

21o-1-2

oLoummcrZo)'.'Jseec

b: Upper  arm

               Statistical analysis

    Results are  expressed  as  means ± SEM.  Two-way
ANOVA  was  perfbrmed  to examine  the main  effects  of

BCAA  supplementation  and  expcrimental  period. Bonferro-

ni  correction  was  perfbrmed after one-way  ANOVdL  to ex-

amine  the difference between  the examined  time  points in
each  group. Comparison between two groups was  carried

out  by unpaired  Student's t-test. P<O.05  was  considered

statisticallysignificant.

21o-1-2

Pre Post dayl  day2

c: Back

[BxT]P(O.OS
[T]P(O.OS t

21o

 Pre Post day"

d: Low  Backday2

-1-2rr]p(e,os

21o-1

t

-2

Pre Post dayri day2

e:  Buttock

t

21o-1-2

Pre Post dayl

f: Thigh

day2

21o-1-2

Pre Pest dayl day2

g: Lower  leg
21o-1-2

Pre Post dayl day2

Pre Post daylday2

h: Systemic fatigue

 Pre Post dayl  day2

                    Results
Stucly 1: Srvimmers

    Figure 1 shows  the r-NRS  scores  after  the swimming

competition  in relation  to baseline for muscle  soreness  in
the seven  muscle  regions  (neck, upper  arm,  back, low back,

butteck, thigh, and  lower leg; Fig.1a-g, respectively)  as

well  as  for systemic  fatigue (Fig.1h). After the event,  the r-

NRS  score  for all examined  muscle  regions  was  not signifi-

cantly  increased in either the BCAA  or  Placebo group. In

the Placebo group, the r-NRS  score  in all examined  regions

except  the neck  and  lower leg was  slightly  increased at

Post, after which  it increased or  was  maintained  at day 1

before final]y decreasing at day 2 (Fig.Ib-f). The  neck  and

lower leg scores  in the Placebo group were  also  increased

at day 1 before decreasing at day 2 (Fig.la &  lg). In the
BCAA  group, the r-NRS  seore  fbr all examined  muscle  re-

gions was  unchanged  at  Post, with  the  score  gradually de-
creasing  thereafter, One-way  ANOVA  analysis  revealed

significant  differences for the upper  body  (neck, upper  arm,

back, and  low back) and  buttock between Post and  day 2 in
the BCAA  group only  (Fig.la-e). For systemic  fatigue, thc

Fig, ].

i PlaceboP  BCAA

Re]ative NRS  score  in Study 1 of  swimmers  for musele

soreness  in the  muscle  regions  of  the ncck  {a), upper  arm

{b). back (c}, low  baek (d), buttock (e), thigh (fi, and

]ower teg (g). and  systemic  fatigue (h) frorn PTe to day 2

after  the exercise  event. NRS  score  is expressed  in a  rela-

tion  to baseline (Pre). Abbreviation/ Pre. day before

swimming  exercise;  Post, irnmediately following swim-

ming  exercise;  day  1, 1 day  after  swimming  exercise;

day  2, 2 days after  swiinming  exercise,  va]ues are  ex-

pressed as  means  ±  SEM.  [Bl, FTI, and  [B'Tl indicatc the

P-vatues for BCAA  ingestion, experimental  period, and

the intcractive factors ofboth,  respectively,  by two-way

ANOMk.  tP<O,05, :"P<O.Ol vs.  the eorresponding

value  at  Post, and  
'P<O.05

 vs.  the  corresponding  day 1

value  analyzed  by repeated  measures  one-way  ANOVA

tb[[owed by Bonferroni's post hoc  ana]ysis,  One-way

ANOVA  Pva]ues  were  less than e.O1 forthe neck,  upper

arm,  back, tow back, buttock, and  systemic  fatiguc in the

BCAAgroup.
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r-NRS  score  in both groups was  higher, although  not  signifl

icantly, at Post, and  gradually decreased by day 2. At day 2,
systemic  fatigue was  significantly  lower than  at  Post and

day 1 in the BCAA  group only.

    The average  values  of  absolute  NRS  (a-NRS) score
obtained  from combination  of  two  groups  were  2.9 ±

O.5,3.6± O.5,4.5± O.4,5.1± O.5,2.3± O.4,3.4± O.4,2.4±
O.4,and 5.3 ± O.4 for the neck,  upper  arm,  back, lower back,
buttock, thigh, lower leg, and  systemic  fatigue, respectively.
These  findings implied that some  swimmers  had already
experienced  the  muscle  soreness  at Pre, and  therefore, the

participants were  further divided into the MS[-]  and

MS[+]  subgroups.  Figure 2 shows  the a-NRS  score  of

MS[-]  and  MS[+]  subgroups  in both  supplcmented

groups. In the MS[+]  subgroup,  the a-NRS  score  was  not

further increased after  the eompetition  in all examined  re-

gions of  both groups. One-way  ANOXCA  analysis  revealed

that the a-NRS  score  for the neck  and  lower back in both
groups, and  fbr the upper  arm,  back, and  buttock in the
BCAA  group was  significantly  decreased at day 2 compared
those  at  Post (Fig.2a-e). In the MS[-]  subgroup,  the a-

NRS  score  in the  Placebo group was  increased after the
competition,  and  the absolute  scores  for the upper  arm,

back, and  low back at  day1 and  fbr the buttock and  thigh at
day 2 were  more  than  2 points (Fig.2D. On the other  hand,
the a-NRS  score  in the MS[-]  subgroup  after  the competi-

tion  was  unchanged  by  the BCAA  supplementation  in all
examined  regions  except  fbr the back. The  significant difl
ference in MS[-]  subgroup  of  both supplemented  groups
was  not  found since  the number  of  subjects  in the sub-

greups was  too small  to analyze  statistically.

    Figure 3 shows  AUC  ofthe  NRS  score  for each  ofthe

muscle  regions  examined,  for systemic  fatigue, and  for the
upper  body  (subtotals for neck,  upper  arm,  back, and  low

back) and  lower body  (subtotals fbr buttock, thigh, and
lower ieg). The  AUC  value  for all muscle  regions  was  low-

er in the  BCAA  group than  in the  Placebo group (Fig.3A).
In the BCAA  group, as the NRS  scores  gradually declined

from baseline, the AUC  value  was  negative  for all muscle
regions.  Conversely, the AUC  value  in the Placebo group
was  positive for the  upper  arm,  back, and  buttock. In partic-
ular,  the AUC  value  fbr the upper  arm  was  significantly

lower in the BCAA  group than in the Placebo group. AUC
for the upper  body  was  negative  in the  BCAA  group but
positive in the Placebo group, a  difference that was  signifi-

cant  (Fig.3B). However,  the AUC  fbr the lower body was
negative  in both groups, with  no  significant  difference be-
tween  them.

oLo-eenorzo-=-o-n(

8s42o.2
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8s42o-2
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Pre Post dayl  day2

i  P)acebo  e3}-  BCAA(23)  -i- Placeba(S2).{}.  BCAA  (S2)

Stucty, 2: Full-marathon runnens

    The NRS  scores  fbr muscle  soreness  and  systemic  fa-
tigue  in Study 2 are  also  expressed  in relation  to baseline
(Fig.4). In both the BCAA  and  Placebo groups, the scores

for muscle  soreness  in all six  regions  (Fig.4a-D as well  as

Fig. 2.Abso]ute  NRS  score  for musc[e  soreness  and  sytemic  fa-
tigue of  Study l in the subgroups  classified by the  NRS

score  at  Pre. Both Placebo and  BCAA  groups vvere  fur-

ther divided into two subgroups;  absent  a"d  present mus-

cte  soreness  at Pre were  defined as  NRS  score  of  E 2 and

)3,  respectivcly,  by reference  to the c]assification repert-

ed  by Thompson  et  al. (25). Vtitues are  expressed  as

means ± SEM,  and  the  numbers  in the  parenthesis of  the

side  of  each  Iine on  the  graph show  the number  of  sub-

jects in the  respective  subgroups.  In the subgroups  of

muscte  soreness  present one-way  ANOXLdL  P  values  were

tess than  O,05 for the neck,  upper  arm,  back, low  back,

buttoek, and  systemic  fatigue, and  for the  neck,  low back,

thigh, and  systemic  fatigue in the BCAA  and  placebo

groups, respectively.  Abbreviations, statistical  analysis

method,  and  symbols  are same  in Figure 1 ,

for systemic  fatigue (Fig.4g) were  fbund to be significantly

higher at  Post on  one-way  ANOivCA.  Since the increase in

score  peaked  at  Post, IOMS  was  observed  in all examined

muscle  regions  after the marathon.  At  Post, the mean  NRS
scores  for the anterior  thigh  (Fig.4a), posterior thigh

(Fig.4b), posterior lower leg (Fig.4d), and  systemic  fatigue
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(Fig.4g) were  close  to eight  points in both groups, and  the

scores  for the anterior  thigh, posterior thigh, and  buttock
were  lower, although  not  significantly,  in the BCAA  group
compared  to the Placebo group.
    In comparison  analysis,  one-way  ANOVA  reyealed

significantly  increased scores  at  day 1 comparcd  to Pre fbr
the anterior  thigh, posterior thigh, and  posterior lowcr leg

and  for systemic  fatigue in both groups, and  fbr the  anterior

lower leg (Fig.4c) and  buttock (Fig.4f> in the Placebo

group. At day 2, significantly  higher scores  compared  to

those at Pre were  observed  for the anterior  thigh  and  sys-

temic  fatigue in the  Placebo group, and  for the posterior
lower leg in both groups. The decrement in NRS  score  for
muscle  soreness  at day 2 was  significantly  less than that at

Post for the anterior  thigh, anterior  lower leg, low back, and
buttock in both groups. However,  significantly  decrease of

the NRS  score  at day 1 for anterior  lower legs and  buttock,
at  day 2 for posterior lower legs, and  at day 1 and  day 2 for

systemic  fatigue compared  to those at Post was  observed  in
the BCAA  only.

   Figure 5 shew$  AUC  fbr muscle  soreness  and  systemic

fatigue over  the experimental  period. In all examined  mus-

cle regions  except  the posterior lower lcg, the AUC  was

]ower in the BCAA  group  than in the Placebo group, but
with  no  significant  difference between the  two  groups

(Fig.5A). The AUC  for the thigh (subtotals for anterior
thigh, posterior thigh, and  buttock) tended to be lower (P =

O.09) in the BCAA  group than in the Placebo group, while
there was  no  difference fbr the lower leg (subtotals fbr ante-
rior  and  posterior lower  leg) between the  two  groups

(Fig.5B).

                  Discussion

    In support  of  previous studies,  BCAA  ingestion was

effective  for improving exercise-induced  DOMS.  Moreo-
ver,  this study  also  fbund novel  ameliorating  effects  of

BCAA  on  muscle  soreness  resulting from swimming  exer-

cise, on  IOMS  after  fu11-marathon running,  and  on  systemic

fatigue after  both fbrms ofexercise.

    Few  studies have investigated DOMS  resulting  frQm

swimming  exercise  since  the movements  involved in swim-
ming  do not generally involve ECC.  To  our  knowledge,

only  one  study  by O'Connor  et  al. has observed  swimming-

induced DOMS  during short-term  evcrtraining  in competi-

tive college  swimmers  (19), In their study,  significant  eleva-

tions in muscle  soreness  scores  were  observed  in
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anterior  lower leg (e), posterier lower leg (d), low back

{e), butteck (b, and  for systemic  fatigue (g) from Pre to
day 2. Abbreviation/ Pre, one  day before the  fu11 mara-

thon,  Post, immediately fo]towing the  marathon;  day  1,

one  day after the marathon;  day 2, two  days after  the

marathon.  Nhtues are  means  ± SEM.  ITI indicates the P-
va]ue  in the experimental  period by two-way  ANOVA

test. 'P<O.05,
 
*'P<O,el

 vs.  baseline {Pre), 
'i'
 P<e,05.

SP<O.Ot vs.  the  corresponding  va]ue  at Post, and  
#P<

O.05, 
maP<O.Ol

 vs. the eorrespending  day 1 value  ana-

lyzed by rcpeated  measures  one-way  ANOVA  fottowed

by Bonferroni's post hoc  ana[ysis.  One-way  ANOVA  P
values  in all  exarnined  regions  and  systemic  fatigue were

less than O.Ot.

association  with  increased training, and  the additional  train-
ing load resulted  in DOMS  by day 3 (19). In the present
study, swimmers  were  already  experiencing  muscle  sore-

ness  before the  competition  because they had continued
regular  training in the preparation period befbre the high-

level competitive  event.  Therefore, muscle  soreness  in
swimmers  was  evalueted  by dividing into the subgroups

that muscle  soreness  was  absent  and  present at Pre. In the

subgroups  of  muscle  soreness  present at  Pre, the muscle

soreness  was  not  increased after  the  competition  in both
supplemented  groups. On  the other  hand, the soreness  in
the subgroups  absent  muscle  soreness  at Pre was  peaked  at

day 1 or day 2 in the Placebo group, but significantly  differ-

ence  could  not  be found due to small  number  of  subjects  in
the subgroups.  This finding shows  that some  participants
experienced  swimming-induced  DOMS.  In the BCAA

group, the significantly decrease ofa-NRS  score  in the sub-

group that muscle  soreness  was  present at Pre was  observed

for the upper  arrn,  back, and  buttock at  day 2 compared  to

that at Post. Futhermore, the score  in the  subgroup  that

soreness  was  absent  at  Pre was  not  increased in most  re-

gions by the BCAA  supplementation.  In addition,  the r-

NRS  fbr the  neek,  upper  arm,  back, low back, and  buttock
regions  in the BCAA  group was  significantly  lower at  day 2

than immediately after  the event. It suggested  that BCAA
might  be able  to suppress  any  types of  muscle  soreness  in-
duced by  swimming  exercise.  Since it has been hypothe-
sized  that muscle  soreness  in swimming  is likely to be

caused  by decreased muscle  strength  and  abnormal  patterns
ofmuscle  contraction  andlor  reiaxation  due to fatigue (18),
muscle  soreness  would  be induced mainly  in the skeletal

muscle  groups ofthe  upper  body, which  are  the protagonis-
tic muscles  used  in swimming  exercise.  O'Connor et  al.

also observed  that DOMS  depended on  the muscle  activity

involved in swimming  exercise,  finding that DOMS  score

was  higher in the shoulder  and  upper  arrn  and  lower in the

shin  (19). Thus, the  reason  for the ineffectiveness ofBCAA

in ameliorating  in the lower body in the present study  might

be due to lower fatigue from swimming  in the lower body
than  in the upper  body.

    On  the other  hand, the degree of  IOMS  caused  by fu11-
marathon  running  was  significant, and  was  the highest im-

mcdiately  after  the event  in all skeletal  muscle  regions  ex-

amined  in the present study,  although  it gradually decreased
by day 2. Among  the muscle  regions  examined,  the degree
of  IOMS  immediately after the event  was  the highest in the

thigh  and  buttock regions,  and  was  largely, but not  signifi-

cantly, allayed  by the BCAA  regirnen.

    In contrast  to muscle  soreness  experienced  by  the

swimrners  afler  the swimming  event,  the elevated  IOMS  af

ter the fu11-marathon did not  recover  to baseline, The  reason

for this difference between the two forms of  exercisc  might

be due to a  greater extent  of  musclc  damage induced by the
longer duration ofactivity  in marathon  running.  The  signifi-

cant  differences in muscle  soreness  in the anterior  thigh,
anterier  lower leg, and  buttock as well  as in systemic  fa-
tigue during the recovery  period compared  to those  at base-
line impreved  more  quickly in the BCAA  group than in the
Placebo group. This finding indicates that the BCAA  regi-

men  might  have had a beneficial effect on  the early  recov-

ery ofmuscle  soreness.

    Although  diffbrences in the mechanism  between IOMS
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and  DOMS  have  not  been fu11y elucidated,  it has been con-

jectured that DOMS  is caused  by the destruction and  subse-

quent inflammation of  muscle  fiber and  connective  tissue

ultrastructure  due to strong  mechanical  extension,  such  as

ECC  (3,13). The  inhibitive efTect  of  BCAA  on  DOMS
might  be due to its various  functions, including stimulation

of  protein synthesis  (1,6,11,26) and  change  in inflammato-

ryfimmune  responses  (4,14,17). On the other  hand, the me-

tabolites induced by  endurance  muscle  activities  are sug-

gested to be the cause  of  IOMS  (2,3,16,21,22). Namely,

IOMS  is suggested  to be the result  ofmultiple  responses  to

damaged muscle  caused  by oxidative  stress  (2,15,16,21,30),
increased MPase  activity  due to MP  depletion by endur-
ance  exercise  (21), muscle  cell damage by  Ca2' infusion

(3), autophagy  (2), and  other  factors (8). A  previous study
has shown  that BCAA  decreased  plasma  granulocyte
elastase  concentration  elevated  by repeated  running  exer-

cise  (14), and  therefore, the suppression  of  inflammation
might  be one  possible mechanism  of  the inhibitive effect of

BCAA  on  10MS. However, many  metabolic  factors are
likely to be associated  with  the onset  of  IOMS.  The  exact

mechanism  of  such  BCAA  inhibition is still unclear,  and

further studies  are  warranted.

    In both the swimmers  and  fu11-marathon runners,  sys-

temic fatigue was  the highest immediately after  the events,

and  at its peak was  approximately  equal  to that of  muscle

soreness  immediately  after  the events.  Previous  studies

have reported  that BCAA  inhibitcd exercise-induced  central

fatigue since  BCAAs  could  compete  with  tryptophan,

which  is converted  into the  inhibitory neurotransmitter  ser-

otonin  upon  transportation into the brain (5). Accordingly,

the peak systemic  fatigue observed  in our  subjects  immedi-
ately  after  the events  might  be associated  with  the central

fatigue usually  caused  by exercise.  On  the other  hand, the

present study  did not  observe  the inhibitive effect  of  BCAA

ingestion on  systemic  fatigue immediately after the events.

However,  elevatcd  systemic  fatigue seen  immediateLy afteT

was  significantly  decreased at  day 2 by BCAA  ingestion in
both the swimmers  and  marathon  runners.  Matsumoto  et  aL

showed  that significant  increases in muscle  soreness  and  fa-

tigue, which  were  positively correlated,  after  three days of

running  training  were  significantly  inhibited by the BCAA
ingestion (14). This suggests  that  the  effectiveness  of

BCAA  on  systemic  fatigue might  be a result of  its action  on

peripheral fatigue rather  than  on  central  fatigue. Therefore,

the effectiveness  of  BCAA  on  systemic  fatigue in the pre-

sent  study  might  be due specifically  to its effect  on  muscle

soreness  rather  than on  central  fatigue,

                  Conclusions
    In summary,  this study  fbund an  inhibitive effect  of

BCAA  ingestion on  muscle  sorcncss  after swimming  exer-

cise  involving little ECC,  and  on  IOMS  after  running  a fu11-
marathon.  In particular, higher levels of  effectiveness  of

BCAA  ingestion were  observed  in the protagonistic mus-

cles  in the upper  body of  swimmers  and  in the trunk and

legs of  runners.  Aditionally, systemic  fatigue after both

swimming  and  full-marathon running  was  quickly im-
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